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 1 SUMMARY 
In preparation for the 2004 international ICES coordinated mackerel and horse mackerel egg survey, a workshop was 
held at CEFAS, Lowestoft (20-25 October 2003) for all the plankton analysts who would be involved with the 2004 
survey.  The aim of the workshop was to investigate the reasons for individual differences in the identification and 
staging of mackerel and horse mackerel eggs and to eventually harmonise these.  In addition, a new technique for 
removing fish eggs from plankton samples was evaluated. 
To enable the calculation of the numbers of spawning female fish in a stock by using the Annual Egg Production 
Method (AEPM. Lockwood et al, 1981, Armstrong et al, 2001) it is essential to correctly identify (both in terms of 
species and age) the number of freshly spawned eggs, i.e., the eggs of the stages Ia and Ib, and to distinguish these from 
eggs of the stage II.  Prior to the workshop, a plankton sample exchange was initiated in 2001 to test the precision in 
egg sorting, identification and staging of the individual laboratories.  The results from this sample exchange (see section 
7.1) showed significant differences between the participants in the numbers of eggs retrieved from the plankton 
samples, the identification of those eggs to species and the staging (ageing) of the eggs.  Unfortunately it was 
impossible to separate the three components of the plankton analysis in this exercise, which made interpretation of the 
results extremely difficult.  These differences caused real concern for members of WGMEGS.  Consequently, the 
Working Group recommended (ICES, 2002) that a further egg workshop be held at CEFAS (following the successful 
workshop held in 2000.  ICES, 2001), but this time to evaluate egg sorting and identification as well as egg staging. 
At the beginning of the workshop the possible causes of the differences in the results of the plankton exchange were 
discussed.  It became clear that the procedures employed for the sorting and staging of mackerel and horse mackerel 
eggs differed considerably between participants (see section 3.1).  In addition, there was some variation by individuals 
when allocating eggs to the various developmental stages, despite clear guidelines provided by the results of the 
previous workshop (ICES, 2001). 
However, from the statistical analysis of the first round of staging during the 2003 workshop, it became apparent that 
the agreement for stages Ia and Ib combined was 96% for eggs of all species.  This was a surprisingly high level of 
agreement given the results of the sample exchange.  In the second round of staging the level of agreement improved 
still further reaching 97%.  (At the 2000 workshop the level of agreement reached 96% for mackerel and 94% for horse 
mackerel).  The agreement for all stages of eggs combined improved from 80% in the first round to 87% in the second 
round.  This was again better than the results obtained in 2000, where the agreement for horse mackerel increased from 
74% in the first reading to 85% in the second, and mackerel increased from 71% to 82%. 
The initial over-estimation of stage 1 eggs (Stages Ia+Ib combined) was 4% in the 2003 workshop.  In the second round 
this had decreased to just 1% over-estimation.  (In 2000, there was an under-estimate of 2.5% for mackerel and an over-
estimate of 1.5% for horse mackerel).  Again, this was a very pleasing result which, if applied to the 2004 survey would 
only produce a very small over-estimate of egg production.  The individual levels of over or under-estimation of stage 1 
eggs was however much larger, varying between an under-estimate of 10% to an over-estimate of 27% in the first 
round.  However, this also improved during the second round of analysis to between -10% and +10%.  Even though the 
individual deviations seem to be high, the exercise has clearly shown that on average the estimate of stage I eggs was 
reasonably good, given that it is the results from all the participants combined which produce the stage 1 egg abundance 
estimate from a tri-ennial survey. 
Whilst the egg workshop was being conducted some histology training was undertaken by various participants under 
the instruction of Mr Peter Witthames (CEFAS). The aims were: 
a) To provide training in the application of image analysis to the assessment of fecundity in both mackerel and horse 
mackerel. 
b) To intercalibrate mackerel fecundity determined by the stereometric and gravimetric methods 
c) To produce and distribute a fecundity manual for all participants involved with the assessment of fecundity during 
the 2004 tri-ennial surveys. 
The training benefited all concerned and the production of a manual will help standardise procedures during the 2004 
survey. 
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2 INTRODUCTION 
2.1 Background 
The annual analytical assessments of the northeast Atlantic mackerel and horse mackerel stocks rely on commercial 
catch data, which are usually insufficient for a fully qualified analytical assessment.  For mackerel and horse mackerel 
the only available fishery independent biomass indices are derived from the international triennial egg survey.  These 
surveys have been conducted every three years (since 1977), with increasing international participation and 
correspondingly greater coverage of the spawning area.  This demonstrates the importance placed upon these surveys, 
by all participating nations and ICES, for providing reliable estimates of spawning stock biomass (SSB).  At present 
nine European partners conduct the survey (Portugal, Spain, Spain-Basque Country, England, Ireland, Scotland, 
Norway, The Netherlands and Germany).  Each nation conducts at least one survey, whilst some nations conduct two or 
more.  Due to the great effort invested in the survey programme and the tremendous costs involved, it can only be 
conducted every third year, the next being in 2004.  During a survey year sampling starts when spawning commences in 
Portuguese waters in January.  The coverage of the spawning area increases and shifts slowly northwards as the season 
progresses and the waters of the Continental Shelf warm.  By the summer, spawning has finished in the southern area 
but sampling continues in the area north of Ireland and west of Scotland until mid July. 
The plankton samples taken during the surveys are sorted and the fish eggs allocated to species and individual stages in 
each of the participating laboratories.  The data are eventually combined and result in the production of biomass 
estimates (SSB) for both mackerel and horse mackerel. 
However, results from a recent exchange of plankton samples (section 7.1) have indicated unexpected large differences 
between participants in the identification of eggs and of the allocation of those eggs to development stages.  If neglected 
this could have a direct impact on the estimate of SSB produced from the 2004 survey.  These problems cannot be 
addressed by circulating instructions or samples from lab to lab.  For these reasons the respective ICES working group 
(Mackerel and Horse Mackerel Egg Survey Working Group, WGMEGS) recommended that a workshop be organised 
to help resolve these differences (ICES 2002).  It is the results of this workshop, held at CEFAS, Lowestoft, England in 
October 2003, which are presented here. 
2.2 Terms of reference 
a) To review results of the plankton sorting exchange programme in 2001/02 and present conclusions identifying 
main areas of uncertainty. 
b) To review available documentation on identifying eggs to species and define standard protocols. 
c) To carry out comparative sorting trials on typical survey samples.  This should follow the pattern of trial - analysis 
- retrial - identification of problem areas. 
d) To review any information available on other egg ID procedures - particularly DNA probes. 
e) To carry out a comparative egg staging trial following the pattern used in the 2000 egg staging workshop. 
f) To produce a set of standard pictures and descriptions for species ID and egg staging. 
2.3 Scientific justification 
Identification of eggs to species and the staging of those eggs remain two of the key areas in the execution of the 
mackerel and horse mackerel egg surveys.  As this process is carried out by a number of different analysts in many 
different countries, and then the data combined, it is vital that the process be standardised.  WGMHMSA and 
WGMEGS feel strongly that this is best done through the mechanism of sample exchange programmes and regular 
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 workshops to compare results.  In the context of the triennial egg surveys it would seem appropriate to hold a workshop 
prior to every survey to standardise approaches and methodologies in the run-up to the surveys.  This will have the 
advantage of training new participants as well as harmonising the approach of experienced analysts.  An egg-staging 
workshop was held in 2000 and was very successful in achieving some of these aims.  It is proposed that this be used as 
a model for the workshop to be held in 2003.  However, a small-scale exchange programme carried out in 2001/02 
showed that there may also be some problems in the identification of eggs to species.  Therefore, it is proposed to 
extend the scope of the workshop to address this aspect of sample handling as well.  It is expected that the workshop 
will use the proven method of carrying out a set of sorting and staging trials, analysing the results and identifying 
problems, then repeating the trials on the basis of the new understanding. 
The workshop will also be tasked to produce a standard manual of descriptions and photographs to assist in the plankton 
sample handling procedure.  Such material is available but not currently assembled into a single, agreed and standard 
manual. 
Currently identification to species depends on visual examination.  A number of other approaches to egg identification 
are available, notably the use of DNA probes.  The workshop is asked to examine the state-of-the-art in fish egg species 
identification and to make appropriate recommendations. 
2.4 Participants 
Name Country Institute E-mail 
Jan de Lange Norway Institute of Marine Research jand@imr.no 
Eilert Hermansen Norway Institute of Marine Research eilert@imr.no 
Matthias Kloppmann Germany Bundesforschungsaushalf fur 
Fischerei – Institut fur Seeficherei 
KloppmannMH@hansenet.de 
Jens Ulleweit Germany Bundesforschungsaushalf fur 
Fischerei – Institut fur Seeficherei 
jensulleweit@ish.bfa-fisch.de 
Svenja Cummerow Germany Bundesforschungsaushalf fur 
Fischerei – Institut fur Seeficherei 
Svenja.Cummerow@ish.bfa-
fisch.de 
Cindy van Damme Netherlands Netherlands Institute for Fisheries 
Research (RIVO) 
cindy.vandamme@wur.nl 
Mario Stoker Netherlands Netherlands Institute for Fisheries 
Research (RIVO) 
mario.stoker@wur.nl 
Denise O’Brien Ireland Marine Institute (Ireland) denise.obrien@marine.ie 
Deidre Lynch Ireland Marine Institute (Ireland) deidre.lynch@marine.ie 
Beatriz Beldarrain Spain AZTI BBeldarrain@pas.azti.es 
Inmaculada Martin Spain AZTI imartin@pas.azti.es 
Paula Alvarez Spain AZTI palzarez@pas.azti.es 
Paloma Cubero Spain IEO paloma.cubero@md.ieo.es 
Ana lago de Lanzos Spain IEO ana.lagodelanzos@md.ieo.es 
Concha Franco Spain IEO concha.franco@md.ieo.es 
Iain Gibb Scotland FRS, Aberdeen gibbi@marlab.ac.uk 
Finlay Burns Scotland FRS, Aberdeen burnsf@marlab.ac.uk 
Francisca Varela Portugal IPIMAR cvendrel@ipimar.pt 
Catarina Vendrell Portugal IPIMAR cvendrel@ipimar.pt 
Steve Milligan England CEFAS s.p.milligan@cefas.co.uk 
Cheryl Burt England CEFAS c.a.burt@cefas.co.uk 
Mike Shaw England CEFAS m.d.shaw@cefas.co.uk 
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 2.5 Timetable 
• 19 October 2003. Travel of participants to Lowestoft, England. 
• 20 October 2003. Welcome and introduction.  Presentation of the results of the 2001-02 egg 
exchange.  Begin 1st round of egg identification and staging.  Deliver results to the 
statistical co-ordinator.  Explanation and use of the 'spray technique' to remove eggs 
from plankton samples. 
• 21 October 2003. Continuation of the analysis of the samples.  Each participant, using 15 different 
microscopes, read a total of 375 eggs in the first round.  Presentation of working 
documents on genetic identification of eggs and the use of image analysis.  Use of 
'Spray technique' continued. 
• 22 October 2003. Presentation of the results from the first round of analysis.  Discussion of the results 
and the criteria for egg identification and egg staging.  Discussion of those eggs 
with low agreement (either in species identification or staging) in the first round 
analysis by projecting microscope images on a large screen.  Use of 'Spray 
technique' continued. 
• 23 October 2003. Explanation of bias plots from the first round.  Begin second round of egg analysis 
(375 eggs at 15 microscopes).  Description and discussion of very early larvae using 
slides from artificial fertilisations.  'Spray technique' continued.  Report text passed 
around for comments. 
• 24 October 2003. Second round of analysis finished.  Use of 'Spray technique' finished.  Results from 
the second round of analysis compiled and presented.  Discussion and analysis of 
the results of the second reading.  Drafting sections of the workshop report.  
Compiling a list of 'recommendations' and items for discussion in the report. 
• 25 October 2003. Travel home. 
 
2.6 Workshop Agenda 
1. Introduction and welcome.  S. Milligan (CEFAS). 
2. Brief introduction to the histology workshop.  P. Witthames (CEFAS). 
3. Presentation of the results of the sample exchange experiment 2001/02.  S. Milligan (CEFAS).  Discussion and 
evaluation.  TOR a). 
4. Presentation of the work of MARINEGGS in genetically identifying species of fish eggs.  P. Alvarez (AZTI).  
TOR d). 
5. Presentation of other working documents. 
6. Discussion on egg identification and staging to be used during the workshop. 
7. Discussion on plankton sorting techniques, including the 'spray technique' used by RIVO and AZTI. 
8. Visual identification and staging of prepared samples of mackerel, horse mackerel, and morphologically 
similar fish eggs. 
9. Applying the 'spray technique' to remove eggs from prepared plankton samples. 
10. Statistical analysis of the first round of results from the comparative egg identification and staging exercise. 
11. Discussion and evaluation of results including group analysis of those egg stages which are highlighted as 
causing the greatest difficulties. 
12. Repeat of the egg identification and staging exercise. 
13. Statistical analysis and interpretation of the second set of results. 
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 14. Discussion and evaluation of the performance of individual participants. 
15. Discussion and evaluation of the 'spray technique'. 
16. Production of the report on the statistical evaluation of individual performance. 
17. Discussion on the interpretation of egg stages and species recognition. 
18. Production of a technical manual to include sorting, identification and staging of fish eggs for the use of all 
participants in the WGMEGS 2004 surveys. 
19. Recommendations. 
20. Any other business. 
3 MATERIALS AND METHODS 
3.1 Egg sorting exercise (Addressing TOR c) 
The plankton samples collected as part of the 2001 triennial surveys were sorted and analysed according to the 
procedures described in Annex A of section 7.1 (the results of the plankton sample exchange 2001/02).  Different 
procedures were employed by the various institutes and the effectiveness of each procedure was difficult to quantify.  In 
an attempt to standardise the procedure and to make the task less time-consuming and less prone to human error, a 'new' 
mechanical method for effectively removing fish eggs from plankton samples was devised by Dr A Eltink of RIVO-
DLO, Netherlands. 
This sorting procedure, using a fine spray of water (described below), has been refined by personnel at AZTI, Basque 
Country, Spain and is now in routine use both at RIVO and AZTI for the removal of fish eggs from plankton samples. 
3.1.1 The 'Spray Technique' 
In an attempt to evaluate the effectiveness of the new sorting technique two plankton samples (typical plankton from the 
2001 survey) were prepared, each containing a total of 500 mackerel and horse mackerel eggs.  As many participants as 
possible were asked to undertake the following procedure to remove and count the eggs from the prepared samples. 
The formaldehyde was rinsed from the sample in a 270µm mesh sieve.  The plankton was then washed into a glass 
beaker with a little seawater.  A normal garden spray pump was used to 3/4's fill the beaker with pressurised water.  The 
spray jet was rotated around the sides of the beaker to limit damage to the plankton.  The pressure and the spray caused 
aeration of the sample with many fine bubbles, which gave the sample a cloudy appearance.  The sample was then left 
to stand for one to two minutes whilst air bubbles became trapped in the parts of the plankton that had projections (legs, 
antennas etc).  The aerated plankton floated to the surface and all smooth structures including the fish eggs sank to the 
bottom.  The floating plankton and surface liquid were then carefully decanted from the top of the sample, leaving the 
fish eggs on the bottom of the beaker.  The beaker was held at an angle of approximately 45° over a black background 
and the eggs rolled slowly to one side enabling them to be easily removed using a pipette.  This process was repeated 
until very few eggs were found at the bottom of the beaker (a maximum of 4-5 times).  It is recommended that the 
waiting time is increased for each subsequent spraying to allow the more buoyant eggs time to settle out from the rest of 
the plankton.  The sample was then fully sorted using a binocular microscope, to remove any remaining eggs from the 
plankton. 
The numbers of eggs removed after each spraying and those eggs remaining in the plankton were counted, and the 
results recorded in a spreadsheet (see section 4.1). 
3.2 Egg staging  (Addressing TOR's e & f) 
3.2.1 Egg staging exercise 
A total of 375 mackerel, horse mackerel and megrim (Lepidorhombus whiffiagonis, Walbaum) eggs were placed in 15 
small, Perspex trays.  Each tray contained 50 small wells but only the first 25 wells were used to hold one egg each.  
Each tray was numbered and placed on a microscope stage.  The rows and columns of each tray were labelled so that 
the position of each individual egg could be identified. 
The fish eggs used in the analysis were mainly mackerel and horse mackerel from the English survey which took place 
in the Celtic Sea area during April / May 2001.  In addition, a few validated eggs (from artificial fertilisations) of 
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 mackerel, horse mackerel and megrim were placed at random in the trays to provide definitive eggs of known 
parentage, against which participants' species identification could be judged (see section 3.3 below).  The eggs were 
selected at random with the intention of providing the full range of egg stages, but with greater emphasis on stage 1 
eggs on which the estimates of SSB are based.  The mackerel and megrim eggs in each tray were staged to Ia, Ib, II, III, 
IV, V and the horse mackerel were staged to Ia, Ib, II, III, IV, as horse mackerel larvae hatch before the eggs reach 
stage V.  Due to the fact that computers can only calculate with numeric values, stage Ia was changed to 0 and stage Ib 
to 1 in the result tables. 
Each participant moved from one microscope to another in order to complete the staging of all 375 eggs.  In this way, 
the results of the egg stage readers were not affected by differences in the quality of the microscopes.  Unlike the 
workshop held in 2000, most of the microscopes were modern and provided good optical quality.  There were, however, 
limitations to the amount of transmitted light provided by some microscopes and only a few were fitted with eyepiece 
graticules. 
Once each participant had staged each of the eggs and the results had been entered into a result spreadsheet, a full 
discussion on egg staging took place.  From the analysis of the first set of results it became apparent which individual 
eggs had resulted in high or low agreement of allocated stage.  Low agreement amongst participants indicated problems 
in allocating an egg consistently to one developmental stage.  These eggs were then placed under a microscope 
equipped with a digital camera and displayed on a large screen.  Discussions then took place on the diagnostic features 
visible in the egg, which generally led to an agreement on the most likely developmental stage.  In this way, the egg 
staging criteria (ICES, 2001) were revised (see section 3.2.1 below) before being used for the second round of analysis. 
3.2.2 Egg stage criteria 
As a result of discussions following the first round of egg staging the participants decided upon the following 
definitions of the developmental stages for mackerel, horse mackerel and megrim.  The primary characteristics are 
based on those presented in Lockwood et al. (1977) for mackerel (Figure 3.2-1), but now include some other 
characteristics, which the participants thought were crucial in determining egg stage. 
3.2.2.1 Stage Ia 
Primary characteristics :  From fertilisation until cleavage produces a cell bundle in which the individual cells are not 
visible. 
Secondary characteristics :  There are no signs of a thickening of cells around the edge of the cell bundle.  NB.  In 
preserved eggs the edge of the cell bundle can sometimes fold over giving the appearance of a 'signet ring' seen in a 
stage Ib. 
3.2.2.2 Stage Ib 
Primary characteristics :  Formation of the blastodisc, visible as a 'signet ring' and subsequent thickening a one pole. 
Secondary characteristics :  The cell bundle has thickened around the edge giving a distinct ring appearance.  Cells in 
the centre of the ring form a progressively thinner layer and eventually disappear.  NB.  At the end of this stage the ring 
can become very indistinct as it spreads towards the circumference of the egg. 
3.2.2.3 Stage II 
Primary characteristics :  From the first sign of the primitive streak until closure of the blastopore.  By the end of this 
stage the embryo is half way round the circumference of the egg.  However, the tail still tapers to end flattened against 
the yolk, in this stage. 
Secondary characteristics :  Early in this stage the primitive streak can be difficult to see, only appearing as a faint 
line in the surface of the yolk.  Late in this stage the head is still narrow and the eyes are not well formed. 
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 3.2.2.4 Stage III 
Primary characteristics :  Growth of the embryo from half way to three-quarters of the way around the circumference 
of the egg.  The end of the tail has thickened, becoming bulbous in appearance. 
Secondary characteristics :  Widening of the head and development of the eyes.  Pigment spots develop on the 
embryo, usually close to the posterior end. 
3.2.2.5 Stage IV 
Primary characteristics :  Growth of the embryo from three-quarters to the full circumference of the egg. 
Secondary characteristics :  Eyes continue to develop and the lenses become visible.  Development of the marginal fin 
and the tail begins to separate from the yolk.  Pigmentation of the body increases. 
3.2.2.6 Stage V 
Primary characteristics :  Growth of the embryo until the tail has reached the nose. 
Secondary characteristics :  Pigmentation develops in the eye. 
NB 
The preservation of eggs can cause shrinkage and distortion of the embryo.  Therefore care should be taken when 
assessing the length of the embryo, as they do not always remain around the full circumference of the yolk.  They may 
also become distorted giving a false impression of development stage. 
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 Figure 3.2-1. Mackerel eggs at the begining and end of the six development stages. 
 
 Early stage                       Late stage 
 
IA            
 
IB            
 
II            
 
III            
 
IV            
 
V            
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 3.3 Egg identification  (Addressing TOR's b & f) 
3.3.1 Egg identification exercise 
The same trays of fish eggs (described in section 3.2 above) were also used for the egg identification exercise.  As 
each participant moved from microscope to microscope they were asked to provide a species identification for 
each egg, in addition to a development stage.  A short presentation on the main features of mackerel and horse 
mackerel eggs was delivered before the first round of analysis.  This provided some useful preliminary 
information on egg identification to less experienced participants and enabled the more experienced analysts to 
discuss the criteria they used to identify mackerel and horse mackerel eggs. 
The results of the first round of egg identifications were collated and input into spreadsheets at the same time as 
the results for egg staging.  The results were presented and eggs with low agreement in species identification were 
displayed on a large screen (as described in section 3.2 above).  A discussion then took place until a consensus 
was reached on the most likely species identification for each of these eggs.  Following these discussions and 
before the second round of analysis was begun, a more comprehensive guide to egg identification was produced 
by participants. 
3.3.2 Egg identification criteria 
The text table (see below) summarises published descriptions of mackerel, horse mackerel and other species of 
eggs with similar morphological features.  It particularly concentrates on egg and oil globule sizes, which may 
vary through the spawning season and from area to area.  A complete reference list is given at the end of this 
report. 
In addition to the published descriptions given in the text table (below), various other criteria are used by 
participants to help with egg identification based their own knowledge and experience.  These criteria can be 
regarded as secondary characteristics and are described for each species below.  Photographs of known horse 
mackerel eggs from the southern area are shown in Figure 3.3-1 for comparison with mackerel eggs shown in 
Figure 3.2-1. 
Mackerel (Scomber scombrus).  (See Lockwood et al, 1977) 
• Oil globule often orientated to the top of the egg during analysis with the embryo following the circumference 
of the egg. 
Horse Mackerel (Trachurus trachurus).  (See Pipe and Walker, 1987) 
• Oil globule easily broken into several smaller pieces.  This seems to be more common in eggs found in the 
southern area, particularly in eggs from the Portuguese coast. 
• Some early stage eggs from the southern area also lack colour in the yolk, which is unusual, as horse 
mackerel eggs normally have a darker yolk than mackerel. 
• The oil globule migrates to the head of the embryo after stage 2. 
• In stages 3 and 4 the embryo show very strong pigmentation.  
Megrim (Lepidorhombus whiffiagonis) 
• Striated punctuate appearance of egg membrane. 
• Oil globule is closer to egg membrane than in mackerel. 
• Embryo thinner than a mackerel embryo. 
• Yolk unsegmented and the egg has a small perivitelline space. 
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 Figure 3.3-1. Horse mackerel eggs in each of the five development stages. 
Stage IA Stage IA Stage IB 
Stage II Stage II Stage II 
Stage III Stage III Stage IV 
Stage IV Stage IV  
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The original assessment of each egg, by each participant, for stage (and species), was input into a primary result table 
(not presented here).  Once the results were available from every participant a modal stage could be calculated for each 
egg.  This modal assessment of stage was presumed to be 'correct' although it does not necessarily mean that this was 
the true stage.  In the case when two or more stages appeared at equal frequency, the stage used by the most 
experienced readers was used as the modal stage. 
Tables 4.2-1 to 4.2-4 present the results for each participant for the first round of analysis for eggs of all species (Table 
4.2-1), for mackerel eggs (Table 4.2-2), for horse mackerel eggs (Table 4.2-3) and for eggs of other species (Table 4.2-
4).  Tables 4.2-5 to 4.2-8 present the results for the second round of analysis in exactly the same way. 
The results of the egg staging exercise are given in Tables 4.2-1 to 4.2-8. 
4.2.1 Egg staging results 
4.2 Results of the egg staging exercise 
Table 4.1-1 shows the numbers and percentage of eggs removed by each use of the spray technique, and the numbers of 
eggs remaining in the plankton sample.  In the first sample, the percentage of the original egg numbers (500) removed 
by the spray technique was between 77% and 97%.  After some improvements to the technique and increased care when 
spraying, this improved to between 88% and 98% of the eggs removed from the second sample.  This improvement was 
also shown in the numbers of eggs remaining in the sample.  In the first sample at least six eggs were left in the 
plankton sample by each participant after spraying a maximum of three times.  In the second sample, only on one 
occasion were more than six eggs found in the plankton sample after spraying. 
The results of the egg sorting exercise using the 'spray technique' are given in Table 4.1-1.  Two plankton samples were 
prepared with 500 fish eggs (a mix of mackerel and horse mackerel eggs) present in each.  The decrease in egg numbers 
was very apparent whilst using the first prepared sample.  After six participants had used the spray technique, over 20% 
of the eggs had been lost and a second sample had to be used.  A further ten participants were able to use the second 
sample to evaluate the technique with only a 10% loss of eggs. 
4.1 Results of the egg sorting exercise 
4 RESULTS 
 
• Oil globule is amber / rose in colour. 
• Yolk with rose or violet halo depending on viewing light. 
• Membrane is light amber with grainy reflections. 
• Egg spherical and transparent. 
Longspine snipefish (Macrorhamphosus scolopax) 
 
• Positive surface adhesion test (SAT) is also used to identify hake eggs (Porebski, 1976) and (Coombs, 1994). 
• Towards the end of it's development the embryo begins to show the characteristic postanal pigmentation of three 
bars. 
• Pigmented oil globule. 
Hake (Merluccius merluccius) (See Coombs, 1982) 
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 Tables 4.2-1 to 4.2-8 summarise the results into eight sub-tables labelled A-H, where the performance of each 
participant is judged against the modal egg stage. 
Sub-tables A show the number of eggs at each modal stage that were assessed by each participant.  The numbers at each 
modal stage will therefore be the same for all participants that read all the eggs. 
Sub-tables B show the allocation of egg stages by each participant against each modal stage. 
Sub-tables C show the numbers of eggs at each stage as assessed by each participant. 
Sub-tables D show the allocation of each modal egg stage against each participant's assessment of egg stage. 
Sub-tables E show how well each participant's assessment of egg stage agrees with the numbers of eggs at each modal 
stage. 
Sub-tables F show the percentage agreement of each participant's assessment of eggs in stage 1a+1b against the modal 
stage 1a+1b. 
Sub-tables G show the bias (over or under estimation) of each participants assessment of egg stage 1a+1b compared to 
the modal stage 1a+1b. 
Sub-tables H show the precision of each participant's egg staging against the modal stage i.e. how much their 
assessment of each egg stage varies from the modal stage. 
By studying the results presented in Tables 4.2-1 to 4.2-8, some encouraging improvements in the consistency of egg 
staging between participants can be observed from the first to the second round of analysis. 
The overall agreement in egg stage for all species of eggs, in all stages of development was 80% in the first round 
(Table 4.2-1).  This increased to 87% agreement in the second round of analysis (Table 4.2-5).  The overall agreement 
for all egg stages by species increased from 75% (Table 4.2-2) to 82% (Table 4.2-6) for mackerel, 82% (Table 4.2-3) to 
88% (Table 4.2-7) for horse mackerel and 90% (Table 4.2-4) to 96% (Table 4.2-8) for eggs of other species. 
The overall agreement for stage 1 (1a+1b) eggs shows similar improvements from the first to the second round, but with 
an overall greater level of agreement.  This is very re-assuring, as it is this stage upon which the estimates of SSB for 
both mackerel and horse mackerel are based. 
The overall agreement in the assessment of stage 1 (1a+1b) eggs of all species was 96% in the first round (Table 4.2-1).  
This increased to 97% agreement in the second round of analysis (Table 4.2-5).  The overall agreement of stage 1 eggs 
(by species) increased from 92% (Table 4.2-2) to 94% (Table 4.2-6) for mackerel, 96% (Table 4.2-3) to 97% (Table 
4.2-7) for horse mackerel and remained at 99% (Tables 4.2-4 and 4.2-8) for eggs of other species. 
The bias in allocating eggs to stage 1 (1a+1b) as a percentage over or underestimation, are given in sub-tables G.  
Although the overall bias was reasonable, particularly after the second round of analysis, some individuals showed 
surprisingly high levels of bias.  In the first round of analysis the overall bias was 4% for eggs of all species but 
individual bias ranged from an underestimate of 10% to an overestimate of 27% (Table 4.2-1).  In the second round this 
did improve to an overall bias of just 1%, with a range of individual bias from -10% to +10%. 
The overall bias was greatest for stage 1 mackerel eggs (Tables 4.2-1 and 4.2-5).  This was 15% in the first round 
reducing to 8% in the second round of analysis.  However, the bias of individual participants was much greater, ranging 
from -23% to +89% in the first round, to between -9% to +33% in the second round of analysis.  The overall estimates 
of bias for stage 1 eggs of horse mackerel and other eggs were, however, much better as they ranged between -1% and 
+1%. 
Figures 4.2-1 to 4.2-8 show the egg stage bias plots in which the mean egg stage +/-2 standard deviations of each stage 
reader and all stage readers combined are plotted against the modal egg stage. 
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 4.2.2 Results by microscope / tray number 
Tables 4.2-9 to 4.2-16 show the egg staging results by each microscope and it's associated tray of eggs.  Within each 
table the top sub-tables show the number of eggs at each modal stage in each tray, the middle sub-tables show the 
percentage agreement at each modal stage by tray/microscope and the bottom sub-tables show the bias at each modal 
stage by tray/microscope.  This analysis highlights any problems associated with a particular microscope or tray of 
eggs. 
Most of the microscopes were modern, stereoscopic, zoom microscopes with good sources of transmitted light.  Only 
one microscope (Number 7) was more than 20 years old and consequently it did not have the optical quality of the more 
modern microscopes.  This is reflected in the results of percentage agreement, particularly for mackerel eggs (Tables 
4.2-10 and 4.2-14).  However, most of the differences between microscopes/trays can be accounted for by differences in 
egg quality, and the mix of species and stages in each of the trays. 
4.3 Results of the egg species identification exercise 
The same trays of eggs used for egg staging were used for the egg identification exercise.  The procedures employed 
were almost identical except where the species was definitely known. 
The original assessment of each egg, by each participant, for species identification, was input into a primary result table 
(not presented here).  Once the results were available from every participant a modal species could be calculated for 
each egg.  This modal assessment of species was presumed to be 'correct' except where the egg species was known 
(from artificial fertilisations).  In these cases the 'validated' species was used as the correct assessment and participants 
could be judged against this directly. 
Summaries of the results from the two rounds of egg species determination are presented in Tables 4.3-1 and 4.3-2.  
Each of these tables are divided into four sub-tables labelled A-D, where the performance of each participant is judged 
against the modal / actual species. 
Sub-tables A show the number of eggs at each modal species that were assessed by each participant.  The numbers at 
each modal species will therefore be the same for all participants that read all the eggs. 
Sub-tables B show the numbers of eggs of each species as assessed by each participant. 
Sub-tables C show the percentage under or over-estimation by each participant for each species. 
Sub-tables D show the percentage agreement in species identification between the assessment of each participant and 
the modal / actual species. 
The results do show some improvements in the allocation of eggs to the various species, from the first to the second 
round of analysis.  However, they also highlight the difficulties in being able to positively identify eggs where there are 
few distinguishing features other than the size of egg and oil globule diameters.  This is apparent when comparing the 
results in sub-tables C (Tables 4.3-1 and 4.3-2).  The percentage over-estimation to mackerel eggs increased from 6% to 
11%, from the first to second rounds, whilst there was a significant decrease in the numbers of eggs allocated to other 
species from +29% to -16%. 
After the first round of analysis there was some discussion on the features which aid fish egg identification.  Some 
references and criteria were produced (see section 3.3.2) to help with the identification of eggs which are similar to 
those of mackerel and horse mackerel.  This helped with the identification of horse mackerel eggs during the second 
round of analysis where the percentage under-estimation decreased from -18% to -6%. 
These discussions and criteria also helped to improve the mean percentage agreement between participants' 
identification of eggs to species and the modal species (Tables 4.3-1D and 4.3-2D).  For mackerel eggs the percentage 
agreement increased from 84% to 95% and for horse mackerel the improvement rose from 70% to 88%.  These results 
were very re-assuring particularly as most of the microscopes were not fitted with eyepiece graticules to enable 
measurement of egg or oil globule diameters. 
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f e
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gg
s a
llo
ca
te
d 
to
 e
ac
h 
m
od
al
 st
ag
e 
by
 e
ac
h 
pa
rti
ci
pa
nt
's 
es
tim
at
io
n 
of
 st
ag
e.
  
(E
) T
he
 p
er
ce
nt
ag
e 
ag
re
em
en
t b
y 
m
od
al
 e
gg
 st
ag
e 
by
 e
ac
h 
pa
rti
ci
pa
nt
.  
 (F
) T
he
 p
er
ce
nt
ag
e 
ag
re
em
en
t b
y 
m
od
al
 st
ag
e 
1a
 a
nd
 1
b 
co
m
bi
ne
d,
 b
y 
ea
ch
 p
ar
tic
ip
an
t. 
(G
) T
he
 b
ia
s i
s i
nd
ic
at
ed
 b
y 
th
e 
pe
rc
en
ta
ge
 o
ve
r o
r u
nd
er
 e
st
im
at
io
n 
of
 st
ag
es
 1
a 
an
d 
1b
 e
gg
s c
om
bi
ne
d,
 a
s e
st
im
at
ed
 b
y 
ea
ch
 p
ar
tic
ip
an
t, 
in
 re
la
tio
n 
to
 th
e 
m
od
al
 st
ag
e.
(H
) T
he
 p
re
ci
si
on
 o
f e
ac
h 
pa
rti
ci
pa
nt
 in
 a
llo
ca
tin
g 
eg
gs
 to
 e
ac
h 
m
od
al
 st
ag
e 
is
 g
iv
en
 b
y 
th
e 
C
oe
ff
ic
ie
nt
 o
f V
ar
ia
tio
n.
  F
or
 e
ac
h 
ta
bl
e 
th
e 
co
m
bi
ne
d 
re
su
lt 
is
 a
ls
o 
gi
ve
n.
 
 
18
 Ta
bl
e 
4.
2-
2
  C
on
tin
ue
d
M
ac
ke
re
l E
gg
s 
fir
st
 s
ta
ge
in
g.
   
   
 E
gg
 S
ta
ge
in
g 
W
or
ks
ho
p,
 L
ow
es
to
ft,
 O
ct
ob
er
 2
00
3
D
Ea
ch
 re
ad
er
s 
eg
g 
st
ag
es
 d
iv
id
ed
 b
y 
th
e 
m
od
al
 e
gg
 s
ta
ge
s 
(T
ab
le
 (C
) d
iv
id
ed
 b
y 
m
od
al
 e
gg
 s
ta
ge
)
St
ag
e 
es
tim
a-
M
od
al
S
pa
 C
F
En
g 
M
S
S
co
 IG
Sp
a 
AL
L
Ire
 D
L
Sp
a 
IM
En
g 
C
B
N
or
 J
dL
Sc
o 
FB
Po
r C
V
Po
r F
V
Sp
a 
PC
N
or
 E
H
G
er
 M
K
Ire
 D
O
'B
N
et
 M
S
N
et
 C
vD
Sp
a 
PA
Sp
a 
BB
G
er
 S
C
G
er
 J
U
%
te
d 
by
 re
ad
er
St
ag
e
R
ea
de
r 1
R
ea
de
r 2
R
ea
de
r 3
R
ea
de
r 4
R
ea
de
r 5
R
ea
de
r 6
R
ea
de
r 7
R
ea
de
r 8
R
ea
de
r 9
R
ea
de
r 1
0
R
ea
de
r 1
1
R
ea
de
r 1
2
R
ea
de
r 1
3
R
ea
de
r 1
4
R
ea
de
r 1
5
R
ea
de
r 1
6
R
ea
de
r 1
7
R
ea
de
r 1
8
R
ea
de
r 1
9
R
ea
de
r 2
0
R
ea
de
r 2
1
A
ll
St
ag
e 
1a
0
0
43
-
33
24
34
30
23
36
32
29
21
33
13
28
23
30
22
28
24
32
23
85
%
St
ag
e 
1a
0
1
3
-
5
2
1
-
-
-
-
-
-
-
1
1
1
5
1
4
1
1
2
4%
St
ag
e 
1a
0
2
1
-
1
3
6
-
-
1
5
4
-
1
3
3
5
16
3
4
-
2
4
9%
St
ag
e 
1a
0
3
-
-
-
-
-
-
-
-
5
-
-
-
-
1
-
1
-
-
-
-
-
1%
St
ag
e 
1a
0
4
-
-
-
-
-
-
-
-
1
-
-
-
1
-
-
1
-
-
-
-
-
0%
St
ag
e 
1a
0
5
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
0%
St
ag
e 
1b
1
0
-
-
-
7
-
9
12
5
-
6
8
10
22
3
10
2
17
1
4
1
4
40
%
St
ag
e 
1b
1
1
-
-
-
1
4
3
5
4
4
2
4
5
3
2
4
-
3
1
2
4
2
18
%
St
ag
e 
1b
1
2
-
-
-
1
8
-
1
-
4
-
3
22
7
8
6
14
9
11
-
11
10
38
%
St
ag
e 
1b
1
3
-
-
-
1
-
-
-
-
-
-
-
-
-
-
5
3
-
-
-
-
-
3%
St
ag
e 
1b
1
4
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
1
-
0%
St
ag
e 
1b
1
5
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
0%
St
ag
e 
2
2
0
1
-
-
3
-
4
-
3
2
9
6
2
-
-
1
1
5
3
6
-
1
5%
St
ag
e 
2
2
1
2
-
-
1
-
2
-
1
1
2
1
-
1
1
-
-
1
-
2
-
-
2%
St
ag
e 
2
2
2
52
-
44
43
33
51
48
51
39
26
28
26
31
36
30
17
40
29
48
31
29
83
%
St
ag
e 
2
2
3
5
-
-
8
1
-
3
3
-
-
-
1
-
4
10
22
6
8
6
3
5
10
%
St
ag
e 
2
2
4
1
-
-
-
-
-
-
-
-
1
-
-
-
-
2
4
-
-
-
-
-
1%
St
ag
e 
2
2
5
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
0%
St
ag
e 
3
3
0
2
-
-
-
-
-
-
-
-
-
-
-
-
2
1
-
-
1
1
-
-
1%
St
ag
e 
3
3
1
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
0%
St
ag
e 
3
3
2
-
-
4
1
2
2
-
1
1
22
18
3
8
1
5
-
1
2
1
4
-
9%
St
ag
e 
3
3
3
38
-
38
31
20
41
35
38
31
37
38
30
31
32
25
10
33
28
35
26
32
77
%
St
ag
e 
3
3
4
11
-
1
13
2
5
1
7
3
1
1
-
6
4
11
9
2
5
12
-
7
12
%
St
ag
e 
3
3
5
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
0%
St
ag
e 
4
4
0
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
0%
St
ag
e 
4
4
1
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
0%
St
ag
e 
4
4
2
-
-
-
-
-
-
-
-
-
-
-
1
-
-
-
-
-
-
-
-
-
0%
St
ag
e 
4
4
3
-
-
2
-
19
1
3
2
4
5
3
12
10
4
-
4
4
2
-
11
1
19
%
St
ag
e 
4
4
4
14
-
23
11
20
21
23
19
20
23
23
26
17
20
11
10
24
17
11
20
16
81
%
St
ag
e 
4
4
5
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
0%
St
ag
e 
5
5
0
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
0%
St
ag
e 
5
5
1
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
0%
St
ag
e 
5
5
2
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
0%
St
ag
e 
5
5
3
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
1
-
14
%
St
ag
e 
5
5
4
-
-
-
-
1
-
-
-
-
1
-
-
-
-
-
-
-
-
1
3
-
86
%
St
ag
e 
5
5
5
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
0%
To
ta
l
0-
5
17
3
0
15
1
15
0
15
1
16
9
15
4
17
1
15
2
16
8
15
4
17
2
15
4
15
0
15
0
14
9
17
1
14
4
15
4
15
1
13
6
31
24
E
PE
R
C
EN
TA
G
E 
AG
R
EE
M
EN
T 
B
Y 
EG
G
 S
TA
G
E
M
O
D
AL
S
pa
 C
F
En
g 
M
S
S
co
 IG
Sp
a 
AL
L
Ire
 D
L
Sp
a 
IM
En
g 
C
B
N
or
 J
dL
Sc
o 
FB
Po
r C
V
Po
r F
V
Sp
a 
PC
N
or
 E
H
G
er
 M
K
Ire
 D
O
'B
N
et
 M
S
N
et
 C
vD
Sp
a 
PA
Sp
a 
BB
G
er
 S
C
G
er
 J
U
st
ag
e
R
ea
de
r 1
R
ea
de
r 2
R
ea
de
r 3
R
ea
de
r 4
R
ea
de
r 5
R
ea
de
r 6
R
ea
de
r 7
R
ea
de
r 8
R
ea
de
r 9
R
ea
de
r 1
0
R
ea
de
r 1
1
R
ea
de
r 1
2
R
ea
de
r 1
3
R
ea
de
r 1
4
R
ea
de
r 1
5
R
ea
de
r 1
6
R
ea
de
r 1
7
R
ea
de
r 1
8
R
ea
de
r 1
9
R
ea
de
r 2
0
R
ea
de
r 2
1
AL
L
St
ag
e 
1a
 =
=>
0
93
%
-
10
0%
71
%
10
0%
70
%
66
%
82
%
94
%
66
%
60
%
73
%
37
%
85
%
66
%
91
%
50
%
85
%
69
%
97
%
82
%
76
%
St
ag
e 
1b
 =
=>
1
0%
-
0%
25
%
80
%
60
%
10
0%
80
%
80
%
50
%
80
%
10
0%
60
%
50
%
80
%
0%
60
%
20
%
40
%
80
%
50
%
55
%
St
ag
e 
2 
==
>
2
98
%
-
90
%
90
%
67
%
96
%
98
%
96
%
80
%
50
%
57
%
49
%
63
%
75
%
65
%
36
%
75
%
63
%
98
%
65
%
67
%
74
%
St
ag
e 
3 
==
>
3
88
%
-
95
%
78
%
50
%
98
%
85
%
88
%
78
%
88
%
93
%
70
%
76
%
78
%
63
%
25
%
77
%
74
%
85
%
63
%
84
%
77
%
St
ag
e 
4 
==
>
4
54
%
-
96
%
46
%
87
%
81
%
96
%
73
%
83
%
88
%
96
%
10
0%
71
%
83
%
46
%
42
%
92
%
77
%
46
%
83
%
70
%
76
%
St
ag
e 
5 
==
>
5
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
0-
5
85
.0
%
-
91
.4
%
73
.3
%
73
.5
%
86
.4
%
87
.0
%
86
.5
%
82
.9
%
69
.6
%
74
.0
%
69
.8
%
61
.7
%
78
.7
%
62
.0
%
45
.0
%
71
.3
%
71
.5
%
77
.9
%
74
.8
%
75
.0
%
75
%
R
AN
K
IN
G
5
-
1
13
12
4
2
3
6
17
11
16
19
7
18
20
15
14
8
10
9
F
PE
R
C
EN
TA
G
E 
AG
R
EE
M
EN
T 
ST
AG
E 
1a
 a
nd
 1
b 
co
m
bi
ne
d
M
O
D
AL
S
pa
 C
F
En
g 
M
S
S
co
 IG
Sp
a 
AL
L
Ire
 D
L
Sp
a 
IM
En
g 
C
B
N
or
 J
dL
Sc
o 
FB
Po
r C
V
Po
r F
V
Sp
a 
PC
N
or
 E
H
G
er
 M
K
Ire
 D
O
'B
N
et
 M
S
N
et
 C
vD
Sp
a 
PA
Sp
a 
BB
G
er
 S
C
G
er
 J
U
st
ag
e
R
ea
de
r 1
R
ea
de
r 2
R
ea
de
r 3
R
ea
de
r 4
R
ea
de
r 5
R
ea
de
r 6
R
ea
de
r 7
R
ea
de
r 8
R
ea
de
r 9
R
ea
de
r 1
0
R
ea
de
r 1
1
R
ea
de
r 1
2
R
ea
de
r 1
3
R
ea
de
r 1
4
R
ea
de
r 1
5
R
ea
de
r 1
6
R
ea
de
r 1
7
R
ea
de
r 1
8
R
ea
de
r 1
9
R
ea
de
r 2
0
R
ea
de
r 2
1
AL
L
1a
+1
b
90
%
-
10
0%
89
%
10
0%
88
%
10
0%
92
%
92
%
77
%
83
%
96
%
98
%
92
%
95
%
97
%
88
%
89
%
78
%
10
0%
97
%
92
%
R
AN
K
IN
G
13
-
1
14
1
17
1
12
10
20
18
8
5
11
9
6
16
14
19
1
7
G
B
IA
S 
= 
ov
er
- /
 u
nd
er
es
tim
at
io
n 
of
 s
ta
ge
 1
a+
1b
 c
om
bi
ne
d
M
O
D
AL
S
pa
 C
F
En
g 
M
S
S
co
 IG
Sp
a 
AL
L
Ire
 D
L
Sp
a 
IM
En
g 
C
B
N
or
 J
dL
Sc
o 
FB
Po
r C
V
Po
r F
V
Sp
a 
PC
N
or
 E
H
G
er
 M
K
Ire
 D
O
'B
N
et
 M
S
N
et
 C
vD
Sp
a 
PA
Sp
a 
BB
G
er
 S
C
G
er
 J
U
st
ag
e
R
ea
de
r 1
R
ea
de
r 2
R
ea
de
r 3
R
ea
de
r 4
R
ea
de
r 5
R
ea
de
r 6
R
ea
de
r 7
R
ea
de
r 8
R
ea
de
r 9
R
ea
de
r 1
0
R
ea
de
r 1
1
R
ea
de
r 1
2
R
ea
de
r 1
3
R
ea
de
r 1
4
R
ea
de
r 1
5
R
ea
de
r 1
6
R
ea
de
r 1
7
R
ea
de
r 1
8
R
ea
de
r 1
9
R
ea
de
r 2
0
R
ea
de
r 2
1
AL
L
1a
+1
b
-8
%
-
3%
3%
36
%
-1
3%
3%
-6
%
31
%
-1
5%
-1
0%
42
%
25
%
24
%
35
%
89
%
12
%
29
%
-2
3%
37
%
41
%
15
%
R
AN
K
IN
G
5
-
2
2
16
8
1
4
14
9
6
19
12
11
15
20
7
13
10
17
18
H
PR
EC
IS
IO
N
 =
 C
oe
ffi
ci
en
t o
f V
ar
ia
tio
n 
(C
V)
M
O
D
AL
S
pa
 C
F
En
g 
M
S
S
co
 IG
Sp
a 
AL
L
Ire
 D
L
Sp
a 
IM
En
g 
C
B
N
or
 J
dL
Sc
o 
FB
Po
r C
V
Po
r F
V
Sp
a 
PC
N
or
 E
H
G
er
 M
K
Ire
 D
O
'B
N
et
 M
S
N
et
 C
vD
Sp
a 
PA
Sp
a 
BB
G
er
 S
C
G
er
 J
U
st
ag
e
R
ea
de
r 1
R
ea
de
r 2
R
ea
de
r 3
R
ea
de
r 4
R
ea
de
r 5
R
ea
de
r 6
R
ea
de
r 7
R
ea
de
r 8
R
ea
de
r 9
R
ea
de
r 1
0
R
ea
de
r 1
1
R
ea
de
r 1
2
R
ea
de
r 1
3
R
ea
de
r 1
4
R
ea
de
r 1
5
R
ea
de
r 1
6
R
ea
de
r 1
7
R
ea
de
r 1
8
R
ea
de
r 1
9
R
ea
de
r 2
0
R
ea
de
r 2
1
AL
L
St
ag
e 
1a
+1
b 
==
>
1
39
%
-
0%
28
%
0%
30
%
0%
26
%
25
%
35
%
33
%
19
%
15
%
42
%
33
%
16
%
30
%
37
%
39
%
0%
17
%
15
%
St
ag
e 
2 
==
>
2
7%
-
15
%
17
%
30
%
9%
7%
10
%
23
%
27
%
25
%
41
%
31
%
26
%
31
%
36
%
25
%
32
%
7%
31
%
28
%
24
%
St
ag
e 
3 
==
>
3
11
%
-
7%
18
%
16
%
5%
13
%
12
%
27
%
11
%
9%
15
%
13
%
18
%
29
%
34
%
16
%
17
%
13
%
19
%
13
%
16
%
St
ag
e 
4 
==
>
4
17
%
-
5%
15
%
9%
11
%
5%
12
%
18
%
12
%
5%
0%
20
%
10
%
19
%
27
%
7%
11
%
17
%
18
%
13
%
13
%
St
ag
e 
5 
==
>
5
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
1-
5
19
.0
%
-
7.
7%
19
.6
%
15
.3
%
14
.3
%
6.
5%
15
.1
%
23
.9
%
22
.6
%
19
.7
%
21
.9
%
20
.6
%
25
.3
%
28
.9
%
28
.9
%
21
.5
%
26
.1
%
18
.4
%
18
.1
%
18
.9
%
18
%
R
AN
K
IN
G
9
-
2
10
5
3
1
4
16
15
11
14
12
17
20
19
13
18
7
6
8
W
ei
gh
te
d 
m
ea
n
W
ei
gh
te
d 
m
ea
n
 
19
 H
or
se
 M
ac
ke
re
l E
gg
s 
fir
st
 s
ta
ge
in
g.
   
   
 E
gg
 S
ta
ge
in
g 
W
or
ks
ho
p,
 L
ow
es
to
ft,
 O
ct
ob
er
 2
00
3
Ta
bl
e 
4.
2-
3
A
N
U
M
B
ER
 O
F 
R
EA
D
ER
S 
EG
G
 S
TA
G
E 
R
EA
D
IN
G
S 
B
Y 
M
O
D
AL
 E
G
G
 S
TA
G
E
M
O
D
AL
Sp
a 
C
F
En
g 
M
S
Sc
o 
IG
S
pa
 A
LL
Ire
 D
L
S
pa
 IM
E
ng
 C
B
N
or
 J
dL
S
co
 F
B
P
or
 C
V
Po
r F
V
Sp
a 
PC
N
or
 E
H
G
er
 M
K
Ire
 D
O
'B
N
et
 M
S
N
et
 C
vD
S
pa
 P
A
S
pa
 B
B
G
er
 S
C
G
er
 J
U
st
ag
e
R
ea
de
r 1
R
ea
de
r 2
R
ea
de
r 3
R
ea
de
r 4
R
ea
de
r 5
R
ea
de
r 6
R
ea
de
r 7
R
ea
de
r 8
R
ea
de
r 9
R
ea
de
r 1
0
R
ea
de
r 1
1
R
ea
de
r 1
2
R
ea
de
r 1
3
R
ea
de
r 1
4
R
ea
de
r 1
5
R
ea
de
r 1
6
R
ea
de
r 1
7
R
ea
de
r 1
8
R
ea
de
r 1
9
R
ea
de
r 2
0
R
ea
de
r 2
1
St
ag
e 
1a
 =
=>
0
10
7
-
10
1
10
3
10
1
10
5
10
3
97
10
1
10
7
10
3
10
7
10
3
96
99
92
10
7
96
10
3
94
79
St
ag
e 
1b
 =
=>
1
6
-
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
5
6
6
6
St
a
TO
TA
L
20
04
11
9
ge
 2
 =
=>
2
25
-
25
25
25
25
25
25
25
25
25
25
25
24
25
21
25
23
25
25
24
St
ag
e 
3 
==
>
3
2
-
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
St
ag
e 
4 
==
>
4
3
-
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
St
ag
e 
5 
==
>
5
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
To
ta
l
0-
5
14
3
0
13
7
13
9
13
7
14
1
13
9
13
3
13
7
14
3
13
9
14
3
13
9
13
1
13
5
12
4
14
3
12
9
13
9
13
0
11
4
B
M
od
al
 e
gg
 s
ta
ge
s 
di
vi
de
d 
by
 e
ac
h 
re
ad
er
s 
eg
g 
st
ag
es
 (T
ab
le
 (A
) d
iv
id
ed
 b
y 
th
e 
re
ad
er
s 
eg
g 
st
ag
es
)
R
ea
de
r
Sp
a 
C
F
En
g 
M
S
Sc
o 
IG
S
pa
 A
LL
Ire
 D
L
S
pa
 IM
E
ng
 C
B
N
or
 J
dL
S
co
 F
B
P
or
 C
V
Po
r F
V
Sp
a 
PC
N
or
 E
H
G
er
 M
K
Ire
 D
O
'B
N
et
 M
S
N
et
 C
vD
S
pa
 P
A
S
pa
 B
B
G
er
 S
C
G
er
 J
U
M
od
al
 s
ta
ge
St
ag
e
R
ea
de
r 1
R
ea
de
r 2
R
ea
de
r 3
R
ea
de
r 4
R
ea
de
r 5
R
ea
de
r 6
R
ea
de
r 7
R
ea
de
r 8
R
ea
de
r 9
R
ea
de
r 1
0
R
ea
de
r 1
1
R
ea
de
r 1
2
R
ea
de
r 1
3
R
ea
de
r 1
4
R
ea
de
r 1
5
R
ea
de
r 1
6
R
ea
de
r 1
7
R
ea
de
r 1
8
R
ea
de
r 1
9
R
ea
de
r 2
0
R
ea
de
r 2
1
St
ag
e 
1a
0
0
10
2
-
10
0
10
0
10
0
99
10
0
92
94
98
94
98
46
90
74
71
70
95
97
89
73
St
ag
e 
1a
0
1
-
-
1
1
1
2
2
2
1
3
5
9
56
4
22
19
36
-
-
4
6
St
ag
e 
1a
0
2
5
-
-
2
-
4
1
3
1
3
4
-
1
1
2
2
1
1
6
1
-
St
ag
e 
1a
0
3
-
-
-
-
-
-
-
-
3
2
-
-
-
1
1
-
-
-
-
-
-
St
ag
e 
1a
0
4
-
-
-
-
-
-
-
-
2
1
-
-
-
-
-
-
-
-
-
-
-
St
ag
e 
1a
0
5
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
St
ag
e 
1b
1
0
2
-
5
1
3
1
1
1
4
-
-
-
2
3
-
5
-
4
-
1
3
St
ag
e 
1b
1
1
-
-
-
3
3
3
5
3
2
1
3
6
3
3
6
1
5
-
1
5
2
St
ag
e 
1b
1
2
4
-
1
2
-
2
-
2
-
5
3
-
1
-
-
-
1
1
5
-
1
St
ag
e 
1b
1
3
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
St
ag
e 
1b
1
4
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
St
ag
e 
1b
1
5
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
St
ag
e 
2
2
0
3
-
3
3
2
1
-
2
3
-
-
3
4
2
1
6
3
5
2
1
4
St
ag
e 
2
2
1
-
-
-
-
3
-
-
-
-
-
1
8
1
2
1
7
7
1
-
5
5
St
ag
e 
2
2
2
21
-
18
22
20
15
25
23
21
9
13
14
8
15
23
8
15
16
20
10
14
St
ag
e 
2
2
3
1
-
4
-
-
9
-
-
1
15
11
-
12
5
-
-
-
1
3
9
1
St
ag
e 
2
2
4
-
-
-
-
-
-
-
-
-
1
-
-
-
-
-
-
-
-
-
-
-
St
ag
e 
2
2
5
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
St
ag
e 
3
3
0
-
-
-
-
-
-
-
-
-
-
-
1
-
-
-
-
-
1
-
-
1
St
ag
e 
3
3
1
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
St
ag
e 
3
3
2
1
-
-
1
1
-
1
1
-
-
-
-
-
-
2
1
1
-
1
-
-
St
ag
e 
3
3
3
1
-
1
1
1
2
-
1
2
1
1
1
2
2
-
-
-
1
-
1
1
St
ag
e 
3
3
4
-
-
1
-
-
-
1
-
-
1
1
-
-
-
-
1
1
-
1
-
-
St
ag
e 
3
3
5
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
1
-
St
ag
e 
4
4
0
-
-
-
-
-
-
-
-
-
-
-
1
-
-
-
-
-
-
-
-
-
St
ag
e 
4
4
1
-
-
-
-
-
-
-
-
-
-
-
1
-
-
-
-
-
-
-
-
-
St
ag
e 
4
4
2
-
-
-
1
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
St
ag
e 
4
4
3
-
-
-
1
-
1
-
1
-
-
1
-
-
1
2
2
-
2
2
-
-
St
ag
e 
4
4
4
3
-
3
1
3
2
3
2
3
3
2
1
3
2
1
1
3
1
1
3
3
St
ag
e 
4
4
5
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
St
ag
e 
5
5
0
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
St
ag
e 
5
5
1
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
St
ag
e 
5
5
2
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
St
ag
e 
5
5
3
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
St
ag
e 
5
5
4
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
St
ag
e 
5
5
5
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
To
ta
l
0-
5
14
3
0
13
7
13
9
13
7
14
1
13
9
13
3
13
7
14
3
13
9
14
3
13
9
13
1
13
5
12
4
14
3
12
9
13
9
13
0
11
4
C
EG
G
 S
TA
G
E 
C
O
M
PO
SI
TI
O
N
 A
S 
ES
TI
M
AT
ED
 B
Y 
R
EA
D
ER
Sp
a 
C
F
En
g 
M
S
Sc
o 
IG
S
pa
 A
LL
Ire
 D
L
S
pa
 IM
E
ng
 C
B
N
or
 J
dL
S
co
 F
B
P
or
 C
V
Po
r F
V
Sp
a 
PC
N
or
 E
H
G
er
 M
K
Ire
 D
O
'B
N
et
 M
S
N
et
 C
vD
S
pa
 P
A
S
pa
 B
B
G
er
 S
C
G
er
 J
U
St
ag
e
R
ea
de
r 1
R
ea
de
r 2
R
ea
de
r 3
R
ea
de
r 4
R
ea
de
r 5
R
ea
de
r 6
R
ea
de
r 7
R
ea
de
r 8
R
ea
de
r 9
R
ea
de
r 1
0
R
ea
de
r 1
1
R
ea
de
r 1
2
R
ea
de
r 1
3
R
ea
de
r 1
4
R
ea
de
r 1
5
R
ea
de
r 1
6
R
ea
de
r 1
7
R
ea
de
r 1
8
R
ea
de
r 1
9
R
ea
de
r 2
0
R
ea
de
r 2
1
St
ag
e 
1a
 =
=>
0
10
7
-
10
8
10
4
10
5
10
1
10
1
95
10
1
98
94
10
3
52
95
75
82
73
10
5
99
91
81
St
ag
e 
1b
 =
=>
1
-
-
1
4
7
5
7
5
3
4
9
24
60
9
29
27
48
1
1
14
13
St
ag
e 
2 
==
>
2
31
-
19
28
21
21
27
29
22
17
20
14
10
16
27
11
18
18
32
11
15
St
ag
e 
3 
==
>
3
2
-
5
2
1
12
-
2
6
18
13
1
14
9
3
2
-
4
5
10
2
St
ag
e 
4 
==
>
4
3
-
4
1
3
2
4
2
5
6
3
1
3
2
1
2
4
1
2
3
3
St
ag
e 
5 
==
>
5
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
1
-
To
ta
l
0-
5
14
3
0
13
7
13
9
13
7
14
1
13
9
13
3
13
7
14
3
13
9
14
3
13
9
13
1
13
5
12
4
14
3
12
9
13
9
13
0
11
4
49
2
40 60 - 27
15 % Al
l
89
%
9% 2% 0% 0% 0% 30
%
46
%
24
%
0% 0% 0% 10
%
8% 67
%
15
%
0% 0% 8% 0% 25
%
48
%
18
%
3% 2% 2% 2% 22
%
73
%
0% - - - - - - 27
15
TO
TA
L
18
70
27
1
40
7
11
1
55 1 27
15
(A
) T
he
 n
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gg
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t e
ac
h 
m
od
al
 st
ag
e 
re
ad
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y 
ea
ch
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ar
tic
ip
an
t. 
 (B
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 n
um
be
rs
 o
f e
gg
s a
llo
ca
te
d 
to
 e
ac
h 
st
ag
e 
by
 e
ac
h 
pa
rti
ci
pa
nt
 a
t e
ac
h 
m
od
al
 st
ag
e.
(C
) T
he
 n
um
be
rs
 o
f e
gg
s a
llo
ca
te
d 
to
 e
ac
h 
st
ag
e 
by
 e
ac
h 
pa
rti
ci
pa
nt
.  
 (D
) T
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 n
um
be
rs
 o
f e
gg
s a
llo
ca
te
d 
to
 e
ac
h 
m
od
al
 st
ag
e 
by
 e
ac
h 
pa
rti
ci
pa
nt
's 
es
tim
at
io
n 
of
 st
ag
e.
  
(E
) T
he
 p
er
ce
nt
ag
e 
ag
re
em
en
t b
y 
m
od
al
 e
gg
 st
ag
e 
by
 e
ac
h 
pa
rti
ci
pa
nt
.  
 (F
) T
he
 p
er
ce
nt
ag
e 
ag
re
em
en
t b
y 
m
od
al
 st
ag
e 
1a
 a
nd
 1
b 
co
m
bi
ne
d,
 b
y 
ea
ch
 p
ar
tic
ip
an
t. 
(G
) T
he
 b
ia
s i
s i
nd
ic
at
ed
 b
y 
th
e 
pe
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en
ta
ge
 o
ve
r o
r u
nd
er
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at
io
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1b
 e
gg
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ne
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s e
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ed
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in
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tio
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to
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e 
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od
al
 st
ag
e.
(H
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si
on
 o
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ac
h 
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rti
ci
pa
nt
 in
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tin
g 
eg
gs
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ac
h 
m
od
al
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ag
e 
is
 g
iv
en
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y 
th
e 
C
oe
ff
ic
ie
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 o
f V
ar
ia
tio
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  F
or
 e
ac
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ta
bl
e 
th
e 
co
m
bi
ne
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re
su
lt 
is
 a
ls
o 
gi
ve
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(A
) T
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 n
um
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rs
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f e
gg
s a
t e
ac
h 
m
od
al
 st
ag
e 
re
ad
 b
y 
ea
ch
 p
ar
tic
ip
an
t. 
 (B
) T
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 n
um
be
rs
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f e
gg
s a
llo
ca
te
d 
to
 e
ac
h 
st
ag
e 
by
 e
ac
h 
pa
rti
ci
pa
nt
 a
t e
ac
h 
m
od
al
 st
ag
e.
(C
) T
he
 n
um
be
rs
 o
f e
gg
s a
llo
ca
te
d 
to
 e
ac
h 
st
ag
e 
by
 e
ac
h 
pa
rti
ci
pa
nt
.  
 (D
) T
he
 n
um
be
rs
 o
f e
gg
s a
llo
ca
te
d 
to
 e
ac
h 
m
od
al
 st
ag
e 
by
 e
ac
h 
pa
rti
ci
pa
nt
's 
es
tim
at
io
n 
of
 st
ag
e.
  
(E
) T
he
 p
er
ce
nt
ag
e 
ag
re
em
en
t b
y 
m
od
al
 e
gg
 st
ag
e 
by
 e
ac
h 
pa
rti
ci
pa
nt
.  
 (F
) T
he
 p
er
ce
nt
ag
e 
ag
re
em
en
t b
y 
m
od
al
 st
ag
e 
1a
 a
nd
 1
b 
co
m
bi
ne
d,
 b
y 
ea
ch
 p
ar
tic
ip
an
t. 
(G
) T
he
 b
ia
s i
s i
nd
ic
at
ed
 b
y 
th
e 
pe
rc
en
ta
ge
 o
ve
r o
r u
nd
er
 e
st
im
at
io
n 
of
 st
ag
es
 1
a 
an
d 
1b
 e
gg
s c
om
bi
ne
d,
 a
s e
st
im
at
ed
 b
y 
ea
ch
 p
ar
tic
ip
an
t, 
in
 re
la
tio
n 
to
 th
e 
m
od
al
 st
ag
e.
(H
) T
he
 p
re
ci
si
on
 o
f e
ac
h 
pa
rti
ci
pa
nt
 in
 a
llo
ca
tin
g 
eg
gs
 to
 e
ac
h 
m
od
al
 st
ag
e 
is
 g
iv
en
 b
y 
th
e 
C
oe
ff
ic
ie
nt
 o
f V
ar
ia
tio
n.
  F
or
 e
ac
h 
ta
bl
e 
th
e 
co
m
bi
ne
d 
re
su
lt 
is
 a
ls
o 
gi
ve
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f e
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um
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f e
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ad
 b
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 p
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 (B
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f e
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um
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gg
s a
llo
ca
te
d 
to
 e
ac
h 
m
od
al
 st
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 p
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ce
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e 
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t b
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gg
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h 
pa
rti
ci
pa
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 (F
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 p
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ce
nt
ag
e 
ag
re
em
en
t b
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 b
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an
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 b
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 b
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C
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ie
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tio
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or
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ac
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ta
bl
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ne
d 
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su
lt 
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o 
gi
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ad
 b
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ch
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ar
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an
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 (B
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te
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ac
h 
st
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od
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ag
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 n
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f e
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.  
 (D
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 n
um
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ag
e.
  
(E
) T
he
 p
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t b
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od
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gg
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ag
e 
by
 e
ac
h 
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rti
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pa
nt
.  
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ce
nt
ag
e 
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en
t b
y 
m
od
al
 st
ag
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nd
 1
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 b
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an
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f e
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All Eggs first stageing.       Egg Stageing Workshop, Lowestoft, October 2003
Figure 4.2-1
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In the egg stage bias plots below the mean egg stage recorded +/- 2stdev of each stage reader and all stage readers 
combined are plotted against the MODAL egg stage. The estimated mean egg stage corresponds to MODAL egg stage, 
if the estimated mean egg stage is on the 1:1 equilibrium line (solid line). Bias is the egg stage difference between 
estimated mean egg stage and MODAL egg stage.
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 Mackerel Eggs first stageing.       Egg Stageing Workshop, Lowestoft, October 2003
Figure 4.2-2
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In the egg stage bias plots below the mean egg stage recorded +/- 2stdev of each stage reader and all stage readers 
combined are plotted against the MODAL egg stage. The estimated mean egg stage corresponds to MODAL egg stage, 
if the estimated mean egg stage is on the 1:1 equilibrium line (solid line). Bias is the egg stage difference between 
estimated mean egg stage and MODAL egg stage.
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Figure 4.2-3
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In the egg stage bias plots below the mean egg stage recorded +/- 2stdev of each stage reader and all stage readers 
combined are plotted against the MODAL egg stage. The estimated mean egg stage corresponds to MODAL egg stage, 
if the estimated mean egg stage is on the 1:1 equilibrium line (solid line). Bias is the egg stage difference between 
estimated mean egg stage and MODAL egg stage.
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 OTHER Eggs first stageing.       Egg Stageing Workshop, Lowestoft, October 2003
Figure 4.2-4
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In the egg stage bias plots below the mean egg stage recorded +/- 2stdev of each stage reader and all stage readers 
combined are plotted against the MODAL egg stage. The estimated mean egg stage corresponds to MODAL egg stage, 
if the estimated mean egg stage is on the 1:1 equilibrium line (solid line). Bias is the egg stage difference between 
estimated mean egg stage and MODAL egg stage.
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 All Eggs second stageing.       Egg Stageing Workshop, Lowestoft, October 2003
Figure 4.2-5
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In the egg stage bias plots below the mean egg stage recorded +/- 2stdev of each stage reader and all stage readers 
combined are plotted against the MODAL egg stage. The estimated mean egg stage corresponds to MODAL egg stage, 
if the estimated mean egg stage is on the 1:1 equilibrium line (solid line). Bias is the egg stage difference between 
estimated mean egg stage and MODAL egg stage.
0
2
4
6
0 1 2 3 4 5
M
ea
n 
st
ag
e 
+/
- 2
st
de
v
0
2
4
6
0 1 2 3 4 5
M
ea
n 
st
ag
e 
+/
- 2
st
de
v
0
2
4
6
0 1 2 3 4 5
M
ea
n 
st
ag
e 
+/
- 2
st
de
v
0
2
4
6
0 1 2 3 4 5
M
ea
n 
st
ag
e 
+/
- 2
st
de
v
0
2
4
6
0 1 2 3 4 5
M
ea
n 
st
ag
e 
+/
- 2
st
de
v
0
2
4
6
0 1 2 3 4 5
M
ea
n 
st
ag
e 
+/
- 2
st
de
v
 46
 Mackerel Eggs second stageing.       Egg Stageing Workshop, Lowestoft, October 2003
Figure 4.2-6
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In the egg stage bias plots below the mean egg stage recorded +/- 2stdev of each stage reader and all stage readers 
combined are plotted against the MODAL egg stage. The estimated mean egg stage corresponds to MODAL egg stage, 
if the estimated mean egg stage is on the 1:1 equilibrium line (solid line). Bias is the egg stage difference between 
estimated mean egg stage and MODAL egg stage.
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 Horse Mackerel Eggs second stageing.       Egg Stageing Workshop, Lowestoft, October 2003
Figure 4.2-7
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In the egg stage bias plots below the mean egg stage recorded +/- 2stdev of each stage reader and all stage readers 
combined are plotted against the MODAL egg stage. The estimated mean egg stage corresponds to MODAL egg stage, 
if the estimated mean egg stage is on the 1:1 equilibrium line (solid line). Bias is the egg stage difference between 
estimated mean egg stage and MODAL egg stage.
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 OTHER Eggs second stageing.       Egg Stageing Workshop, Lowestoft, October 2003
Figure 4.2-8
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In the egg stage bias plots below the mean egg stage recorded +/- 2stdev of each stage reader and all stage readers 
combined are plotted against the MODAL egg stage. The estimated mean egg stage corresponds to MODAL egg stage, 
if the estimated mean egg stage is on the 1:1 equilibrium line (solid line). Bias is the egg stage difference between 
estimated mean egg stage and MODAL egg stage.
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5 DISCUSSION 
5.1 Discussion of the egg sorting exercise 
The evaluation of the 'Spray technique' for the removal of fish eggs from plankton samples proved to be very valuable.  
The results (Table 4.1-1) indicate that on average 87% of the eggs were removed during the first spraying and that after 
three sprayings 90% of the eggs had been removed.  However, these are probably conservative estimates as each 
individual result assumes that there were 500 eggs available in the sample to be removed.  This was probably only the 
case for the first participant to use each sample, as eggs were lost during the spraying and in the reconstitution of the 
samples.  The results for the first participants to use each sample are probably more realistic, and indicate that between 
97% and 98% of the eggs will be removed after three sprayings of a sample. 
The problems experienced during this evaluation of the 'Spray technique' were mainly generated by the fact that only a 
few samples were prepared with exactly 500 eggs in them.  This meant that each sample had to be used on several 
occasions and that each time they were used, eggs were lost.  This would not happen when using this technique on 
actual survey samples. 
However, the problem of egg loss did highlight the fact that great care should be taken at all times when using the spray 
and all participants were made aware of this before the second sample was used.  This resulted in a decrease in the 
numbers of eggs lost, from 1.4% per separation in the first sample to 0.3% loss per separation in the second sample. 
These results are very encouraging and it is recommended that each institute use the spray technique as the primary 
method for removing fish eggs from the plankton samples collected during the 2004 surveys. 
5.2 Discussion of the egg staging exercise 
The criteria for staging mackerel eggs (Lockwood et al, 1977) and horse mackerel eggs (Pipe and Walker, 1987) have 
been used by WGMEGS participants since the instigation of the tri-ennial surveys.  Following discussions at the egg 
staging workshop in 2000 (ICES, 2001) and further consultations at this workshop, these egg staging criteria have been 
enhanced by the addition of some secondary characteristics (section 3.2.2).  These characteristics are the result of many 
years of personal experience (from various participants) in staging preserved fish eggs from plankton samples.  These 
characteristics proved invaluable to less experienced participants during this workshop, particularly during the second 
round of analysis when much greater levels of agreement on egg stages were obtained (section 4.2.1). 
A weakness of the analytical method used for assessing the results is that the modal stage is not necessarily the true 
stage.  In some difficult cases with a low percentage of agreement the majority of the group could be incorrect in its 
judgement and only a minority of participants (often the most experienced) could be correct in their assessment of egg 
stage.  This would lead to the modal stage being 'incorrect', and therefore the assessment made by the more experienced 
readers would appear to be wrong.  This problem is difficult to overcome unless eggs of validated stages are available 
for these exercises. 
One of the main problems encountered during the workshop was the distinction between the stages Ia and Ib, although 
this appeared to be less contentious than at the 2000 workshop.  The eggs used were mainly from the English tri-ennial 
survey conducted during April/May 2001.  They had therefore been preserved for more than two years and had been 
sorted at least once before.  They were often quite dark, making the development difficult to see and there was 
sometimes distortion of the cluster of cells or embryo, making stage determination difficult.  This was particularly true 
of eggs in the earlier stages of development.  However, following discussions after the first round of analysis, further 
clarification of egg stage criteria was produced (section 3.2.2).  This led to improvements in the percentage agreement 
of stage 1 (1a+1b) eggs of both target species, with agreement for mackerel increasing from 92% to 94% and agreement 
for horse mackerel increasing from 96% to 97%.  These results are very pleasing particularly given the extremely 
disappointing results from the 2001 sample exchange (section 7.1). 
Unfortunately, there were not many late stage eggs (stages 4 & 5) available for the analysis whilst there were large 
numbers of stage 1a eggs.  This could have affected the results, as a participant who arbitrarily assigned all the eggs to 
stage 1a would have achieved a high level of agreement for that stage.  It is important for future workshops that all egg 
stages are fully represented perhaps in the proportions expected from an average survey sample. 
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 These results (Tables 4.2-1 to 4.2-8) certainly highlight the need to conduct regular quality assurance workshops and the 
very valuable benefit, which can be gained by bringing practitioners together to discuss problems and clarify 
procedures. 
5.3 Discussion of the egg identification exercise 
The problem of egg species identification was not addressed during the 2000 workshop.  However, it was identified as a 
potential source of error, which should be addressed by this workshop, following the 2001 sample exchange (section 
7.1).  The eggs used for this task were the same as those used for the egg staging exercise and included 'validated' eggs 
(of known species) from artificial fertilisations. 
The exercise proved to be extremely valuable, not least in the production of some egg identification criteria (section 
3.3.2) from both published sources and from the experience gained by several participants over many years.  The 
benefits are highlighted by the increase in the mean percentage agreement in the identification of each species (Table 
4.3-1 and 4.3-2).  For mackerel, the percentage agreement for species identification increased from 84% to 95%.  For 
horse mackerel the agreement increased from 70% to 88% and for other eggs the agreement increased from 71% to 
78%.  This is very encouraging, given the results of the 2001 sample exchange and taking into account that the eggs 
were old and in some cases damaged (see 5.2 above). 
The mean agreement for horse mackerel eggs improved by 18% mainly because the validated horse mackerel eggs were 
unusual in their appearance.  Many of the participants, particularly those not familiar with samples from the southern 
area, found these eggs extremely difficult to identify in the first round of analysis.  The oil globules were very 
fragmented and there was little sign of segmentation in the yolk.  As a result of discussions, participants were made 
aware of these features, which seem to be more common for horse mackerel eggs from the southern area (particularly 
the Portuguese coast).  They were then able to correctly identify these eggs in the second round of analysis. 
5.4 Problems experienced 
5.4.1 Problems encountered during the workshop 
• The levels of agreement seen in these results (both for stage and species) are probably lower than in the analysis of 
real survey samples.  Not only were the eggs old and some validated eggs were unusual, but also eggs were 
occasionally, accidentally moved from one well to another.  This would obviously lead to low levels of agreement 
if different participants were analysing different eggs in the same wells.  The eggs also became more and more 
damaged during the course of the two rounds of analysis as twenty participants manipulated each egg to look for 
the salient features. 
• The stage clip on microscope/tray number 3 slipped during the first round of analysis and all the eggs were 
disturbed.  Only six participants had looked at this tray before this happened.  There were consequently several 
hundred fewer assessments (both of stage and species) of eggs during the first round of analysis (Tables 4.2-1 to 
4.2-8). 
• Discussion amongst participants was difficult to prevent whilst the eggs were being analysed.  Independent 
assessment of the eggs is critical to prevent the introduction of bias or incorrect assignment of modal 
stages/species.  All discussions should be reserved for the plenary sessions to enable every participant to comment 
fully on the features observed. 
• The participants were unfamiliar with the microscopes used for the analysis.  This did lead to some problems at the 
beginning of the analysis where the lighting on some microscopes was not adjusted to its optimum settings. 
5.4.2 Problems encountered with survey samples 
• Some very dark and badly preserved eggs from Portugal were available for discussion.  It was concluded that the 
bad preservation was due to 40% formaldehyde being added directly to the plankton sample at sea.  It is 
recommended that the standard procedure should be used (Annex 1), where 4% formaldehyde, buffered with 
sodium acetate trihydrate, is used to wash the plankton sample from the cod-end of the plankton sampler into the 
sample jar. 
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 • Eggs can die in the process of being caught by the plankton samplers and are sometimes very dark or damaged.  
This is particularly the case on long deployments of the sampler (>30mins), i.e. on the majority of the tri-ennial 
survey tows.  The eggs die in the net and osmoregulation ceases, causing discolouration of the yolk and distortion 
of the developing embryo.  Higher than ambient temperatures also adversely affect the condition of fish eggs.  The 
procedures described in Annex 1 are designed to alleviate (as far as practicable) any adverse effects on egg 
development caused by capture or preservation of the plankton samples.  See papers by Cameron, Westernhagen 
and Dethlefsen (References, Section 8) which suggest several causes of malformations in fish eggs. 
• Parasites can also cause abnormal development in fish eggs.  Mackerel eggs are particularly prone to Ichthyodinium 
chabelardi infections in the southern area (Meneses et al, 2003).  Once infected the embryo usually becomes 
distorted and dies. 
6 RECOMMENDATIONS 
a) It is almost impossible to organise and run workshops such as this without some financial assistance.  
Standardisation of procedures and techniques is a requirement of all ICES working groups and is recognised as 
being vitally important.  However, without access to central financial resources, each participant is wholly reliant 
on funding from their own institute for travel and subsistence.  It is recommended that each institute include 
workshops such as this in their bid for EU Data Regulations funding. 
b) It is recommended that all microscopes at the next workshop are fitted with eyepiece graticules.  These graticules 
should be calibrated to the same standard i.e. that one eyepiece unit (epu) should be equivalent to the same number 
of millimeters, regardless of microscope used. 
c) A full range of egg stages of all species, should be available for analysis during the next workshop (scheduled for 
2006). 
d) The Spray technique should be used as the primary method for sorting eggs from the rest of the plankton during 
the 2004 tri-ennial surveys. 
e) All participants are reminded that the procedures described at Annex 1 should be followed during the 2004 
surveys.  Particularly that 4% formaldehyde, buffered with sodium acetate tri-hydrate, is the standard survey 
fixative and that plankton samples should never come into contact with formaldehyde of a concentration greater 
than 4%. 
f) It is recommended that all participants carry out artificial fertilisations of any species, which have eggs similar to 
those of mackerel and horse mackerel.  It would be useful if egg and oil globule diameters are measured and that 
photographs are taken of as many stages as possible.  It would also be beneficial if the eggs are preserved at 
various stages of development and any morphological changes noted. 
g) All participants are requested to make measurements of egg and oil globule diameters from as many mackerel and 
horse mackerel eggs as possible from their standard survey samples in 2004.  These data would provide both 
temporal and spatial resolution to egg sizes, for the first time. 
h) Based on the experiences at the workshop a recommended binocular microscope should have the following 
features: 
Options for a black or white stage plate for use with incident (top) light 
A transparent stage plate for transmitted (bottom) light 
Dark field illumination for contrast 
Adjustable brightness 
Magnification with click stops. 
A choice of 10x and 20x eyepieces 
Adjustable binocular head and ergonomic design to allow flexibility of movement. 
Adjustable focus on all eyepieces 
Calibrated eyepiece graticules 
Double (fibre optic) cold light source, with adjustable focus, to avoid shadows 
Mechanical stages to position samples easily in the field of view and to hold the samples firmly. 
Filters and polarisation 
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 7 WORKING DOCUMENTS 
Note:  The numbering of figures and tables begin at 1 for each individual working document. 
 
7.1 Results of a comparative plankton sample sorting, egg identification and staging exercise, 2002 
S.P. Milligan and M.D. Shaw. 
The Centre for Environment, Fisheries and Aquaculture Science, Lowestoft Laboratory, Pakefield Road, Lowestoft, 
Suffolk, NR33 OHT, England.  [Tel: +1502 562244, Fax: +1502 513865, e-mail: s.p.milligan@cefas.co.uk]. 
Introduction 
The results of an EU funded mackerel and horse mackerel egg staging workshop (ICES, 2001) showed good agreement 
between WGMEGS participants in the allocation of mackerel and horse mackerel eggs to the various development 
stages.  A recommendation of this workshop was for a sample exchange to be conducted following the 2001 tri-ennial 
surveys.  The aims were to help maintain standards in egg staging and also to address the potential problems of sorting 
and identification of fish eggs. 
Method 
Three plankton samples were selected from the English (CEFAS) survey, Cirolana 4/01 (Apr-May 2001) which 
contained large numbers of mackerel and horse mackerel eggs in all stages of development.  The samples were 
relabelled (to prevent participants gaining access to the original results) and passed around each institute in turn.  
Standard institute protocols were employed, to sort all fish eggs from the samples (or sub-samples).  These protocols 
varied considerably and are presented at Annex A. 
CEFAS were the only participant to split the samples (using a Folsom splitter) to quarters to reduce sorting time.  Most 
participants preferred to limit the time taken for staging the eggs by either: 
a) Sub-sampling the eggs sorted, until at least 100 eggs of both target species had been identified and staged. 
Or more usually: 
b) Identifying the eggs, before staging sub-samples of mackerel and horse mackerel eggs. 
The total numbers of fish eggs were recorded from each sample and mackerel and horse mackerel eggs were identified 
and counted.  A minimum of 100 eggs of each species were taken at random and allocated to development stages.  All 
the eggs sorted and staged were then returned to the samples before they were passed on to the next institute.  The 
results were sent to CEFAS, in a standard spreadsheet format, where the data were collated and summarised. 
Following completion of the comparative exercise it was decided that it might be useful for CEFAS to re-examine the 
samples.  The purpose of this re-analysis was to discover whether significant numbers of eggs were lost during transit 
around Europe and to assess the physical condition of the eggs due to the frequent handling caused by this exercise.  
Standard CEFAS procedures were employed with each sample being re-examined by a different analyst who had NO 
access to any previous results.  Each sample was again split and all fish eggs were removed from a quarter of the 
sample.  The eggs were identified and staged as normal (Annex A) before being returned to the samples. 
During the WGMEGS meeting in Dublin (April, 2002) there was some discussion about a quick technique for 
separating pelagic fish eggs from plankton samples.  This involves the use of a spray to generate bubbles, which raise 
the majority of the plankton to the surface leaving the eggs near the bottom of the sample (see AZTI's protocol at Annex 
A).  This technique was also employed by CEFAS, as a re-analysis on a different quarter of each sample, as a 
comparison between the 'standard' method and this newer, quicker sorting method. 
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 Results 
International comparisons 
A brief presentation of the incomplete results was given at the WGMEGS meeting, held in Dublin in April 2002 (ICES, 
2002).  These preliminary results showed large differences between institutes in the total numbers of fish eggs present 
in each sample and in egg species identification.  There were also differences in the allocation of the eggs to each of the 
development stages.  These discrepancies prompted much discussion and were of some concern. 
The sample exchange was completed during October 2002, and the full results are presented below. 
Tables 1 - 3 show the basic results, with the numbers of mackerel and horse mackerel eggs at each development stage 
and the total numbers of other fish eggs found in each of the three samples.  The participants conducted sub-sampling in 
various ways in order to reduce the time taken to process the samples (see Annex A).  The tables show the numbers of 
eggs staged by each participant from each sub-sample.  The sub-sampling factors are given to enable the total numbers 
of eggs at each stage for each sample, to be calculated.  In figures 1-8, the egg numbers have been raised to numbers per 
sample.  In addition, egg stages 1a and 1b have been combined to be consistent with the standard estimate of egg 
production from the tri-ennial surveys, where the abundance of total stage 1 eggs is used. 
Figure 1 shows the total numbers of mackerel, horse mackerel and other fish eggs found in each of the samples by each 
participant.  The x-axis also shows the order in which the samples were analysed by country (institute), beginning with 
England (CEFAS) and ending with Spain, Basque country (AZTI).  Figure 1 shows some large differences between 
countries which are not always easy to explain, such as: 
a) The higher numbers of both mackerel and horse mackerel eggs found by Germany in sample 1. 
b) The larger numbers of horse mackerel eggs found by Germany in samples 2 and 3. 
c) The low numbers of horse mackerel eggs and the extremely high numbers of other eggs found by Scotland in 
sample 3. 
The (raised) numbers of mackerel eggs allocated to development stage by each country are shown in Figures 2 and 4.  
There are some large differences in the allocation of mackerel eggs to stage, partly due to the difference in total 
numbers of mackerel eggs found by each country.  However, some of the biggest differences occur when one or two 
countries allocate stages to eggs in totally different proportions to the majority of the other countries.  For instance, in 
all three samples the Netherlands appear to be overestimating early stage mackerel eggs (stages 1 & 2) and 
underestimating the numbers of eggs in the later stages of development.  These differences can be seen quite clearly in 
Figure 4, where the mean numbers at stage and the standard deviations are plotted on the charts. 
Figures 3 and 5 show the numbers of horse mackerel eggs allocated to development stage by each country.  Germany 
found the greatest numbers of horse mackerel eggs in all three samples and this is reflected in the numbers allocated to 
each stage.  Scotland found very few horse mackerel eggs in sample 3 and consequently allocated very few eggs to 
stages 1 and 2 in this sample.  Again, in every sample, one or two countries allocated eggs to stages in different 
proportions to the rest of the participants.  For example, Portugal found lower than average numbers of stage 2 eggs in 
samples 1 and 2 and consequently higher numbers of stage 3 eggs.  In sample 3, Portugal found large numbers of stage 
1 eggs and correspondingly lower numbers of stage 2. 
It must be noted that the means and standard deviations presented in Figures 4 and 5 are calculated from ALL the 
results.  It may be better to exclude some of the more obvious out-liers before calculating the means and standard 
deviations of each data set. 
CEFAS comparisons 
Once each participant had examined the samples, they were returned to CEFAS where they were re-analysed, using two 
different procedures a) using standard CEFAS protocols and b) using a spray to separate the eggs from the plankton (see 
AZTI's protocol at Annex A).  The results of these re-analyses and the comparison with the original CEFAS counts are 
shown in Figures 6 - 8. 
Once again, it is difficult to see any consistent pattern in the results.  These inconsistencies are apparent even in the 
overall numbers of eggs found during each sorting.  It could be expected that small numbers of eggs would be lost 
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 during transit and handling and this is clearly shown in the results for sample 1 (Figure 6).  Unfortunately, this does not 
appear to be the case for sample 2 where more eggs of each target species were found during both re-analyses.  
However, the results for sample 3 appear to show a significant loss (over 40%) of eggs during the sample exchange. 
The subsequent staging of mackerel and horse mackerel eggs from the re-analyses and the comparisons with the 
original CEFAS staging are shown in Figures 7 and 8.  Again, no clear pattern emerges.  This could be partially due to 
the fact that each analysis was carried out on different sub-samples (quarters) of each sample. 
Discussion 
The results of this sample exchange are quite disturbing, particularly following the successful egg staging workshop 
held at Lowestoft in December 2000 (ICES, 2001).  Large variations in all aspects of sample sorting, egg identification 
and staging occur between participants in the analysis of these three samples.  Some of this variation can be attributed to 
differences in analytical procedures between institutes (Annex A), but others are more difficult to explain. 
There are only a few observations, which are common across all three samples.  For example, Germany found the 
largest number of horse mackerel eggs in all three samples, and the Netherlands consistently found larger numbers of 
early stage mackerel eggs compared to every other participant. 
Apart from the examples given above, there does not appear to be any obvious pattern in the differences seen in the 
results of these analyses.  This makes interpretation of the results very difficult and observation of where the most 
serious problems lie, almost impossible.  It is also very difficult to separate the various components (sorting, 
identification and staging of fish eggs) of this sample analysis, in these results. 
Fish eggs were generally sorted from the whole sample (all participants except CEFAS) but differences in egg 
identification, in sub-sampling procedures and in the criteria used for egg staging have all affected the numbers of eggs 
found at each development stage by each participant. 
It must be noted that part of sample 1 was spilt whilst at RIVO.  Although every effort was made to recover the eggs, 
this could have affected the results obtained from RIVO, and those of all the subsequent participants. 
Inevitably, as the samples were passed from institute to institute, some eggs were damaged or lost.  The numbers of 
eggs lost is difficult to quantify as even total fish egg numbers varied from one participant to the next.  When the 
samples were re-analysed at CEFAS, it was noted that the sample condition had deteriorated to the point where it was 
very difficult to be certain of species identification and even more difficult to assign development stages to many of the 
eggs with any degree of certainty. 
Recommendations 
The results presented above for this limited sample sorting comparison has shown that substantial differences occur 
between WGMEGS participants, in the analysis of plankton samples.  This is obviously of considerable concern and 
could have a significant impact on the variance in the estimate of SSB of both mackerel and horse mackerel if similar 
differences occur in the standard survey samples. 
As no definitive, 'correct' answer is available, each participant can only be judged against the group 'mean' results.  
There is, of course, no guarantee that these 'mean' results are any closer to the 'correct' answer than the results from any 
participant.  Unfortunately many of the differences observed are not consistent from sample to sample and 
recommendations for improvements in procedures to individual participants are therefore difficult to make.  Some 
general recommendations may, however, help to improve the current situation before the start of the 2004 surveys. 
1. One of the major differences between participants was the way in which the samples were treated during sorting, 
egg identification and staging (Annex A).  It would be useful if these procedures were standardised across all 
participants, particularly the way in which sub-sampling is conducted.  This would, of course, need to address a 
number of issues, including total volume of sample, total numbers of fish eggs and numbers of mackerel and horse 
mackerel eggs present in the sample. 
2. ICES have suggested that data quality checks be conducted periodically for all aspects of ICES co-ordinated 
surveys.  The last meeting of WGMEGS recommended that another egg workshop, this time to include the separate 
aspects of sample sorting, egg species identification and egg staging, be conducted prior to the 2004 surveys.  It has 
since been agreed that this workshop will take place at CEFAS during October 2003. 
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 Although the previous egg workshop (ICES, 2001) showed good agreement between participants in the staging of 
eggs, it is obvious from the results above that sample sorting and egg identification problems also exist and should 
be addressed urgently. 
3. Following the second egg workshop it is crucial that further Quality Assurance exercises be conducted during the 
sampling season in 2004 to maintain consistency of standards between all the participants.  Recommendations as to 
the form of these exercises should be an important part of the output from this second workshop. 
Although the results of the 2002 plankton sample exchange are disappointing, it is hoped that much has been learnt and 
many of the potential problems can be addressed prior to the next mackerel and horse mackerel egg survey in 2004. 
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Figure 1.  Numbers of mackerel, horse mackerel and other eggs counted by each participant.
a)  Sample 1.
b) Sample 2.
c) Sample 3.
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 Figure 2. Numbers of mackerel eggs allocated to stage by each participant.
a) Sample 1.
b) Sample 2.
c) Sample 3.
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 Figure 3. Numbers of horse mackerel eggs allocated to stage by each participant.
a) Sample 1.
b) Sample 2.
c) Sample 3.
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 Figure 4. Numbers of mackerel eggs allocated to stage by each participant, compared to the mean and standard deviation.
a) Sample 1.
b) Sample 2.
c) Sample 3.
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 Figure 5. Numbers of horse mackerel eggs allocated to stage by each participant, with the mean and standard deviation.
a) Sample 1.
b) Sample 2.
c) Sample 3.
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 Figure 6.  Number of mackerel, horse mackerel and other eggs counted by CEFAS before and after the 2001 sample exchange.
a) Sample 1.
b) Sample 2.
c) Sample 3.
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 Figure 7.  Numbers of mackerel eggs allocated to stage by CEFAS before and after the 2001 sample exchange.
a) Sample 1.
b) Sample 2.
c) Sample 3.
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 Figure 8.  Numbers of horse mackerel eggs allocated to stage by CEFAS before and after the 2001 sample exchange.
a) Sample 1.
b) Sample 2.
c) Sample 3.
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Section 7.1   ANNEX A 
The procedures employed by WGMEGS participants for the sorting and staging of mackerel and horse mackerel 
eggs from plankton samples in 2001. 
All countries preserve the plankton samples in buffered 4% formaldehyde at sea (except Portugal). 
England 
Eggs are only roughly sorted from the samples at sea when approaching the western end of a transect.  This is in order 
to determine the edge of the distribution before progressing to the next east/west transect.  The eggs are left in the 
formaldehyde solution for at least 12 hours before sorting commences to allow the eggs to become opaque and easier to 
see.  All samples are returned to the laboratory where the eggs are fully sorted, identified and staged. 
If a sample contains many hundreds of eggs, (at least 400 eggs of either mackerel or horse mackerel) the sample is sub-
sampled using a Folsom splitter.  Small aliquots of plankton are placed under a microscope and all species of fish eggs 
are removed from the sample (or sub-sample).  Once all the eggs have been removed from the sample (or sub-sample) 
they are identified to species where possible.  Where it is not possible to determine the species, the egg diameters (and 
oil globules) are measured.  Mackerel and horse mackerel eggs are staged to six (or five) development stages, 
respectively.  A maximum of one hundred eggs of each species are staged from each sample and the rest are 
apportioned between the stages. 
Germany 
The samples are left for at least 12 hrs before sorting begins, usually on board the research vessel.  To aid sorting at sea, 
most of the preservative liquid is drained from the samples by means of a fine gauze sieve.  When most of the fluid has 
been drained, aliquots of the moist plankton are put on a petri dish under a binocular microscope.  Mackerel and horse 
mackerel eggs are picked out with soft forceps, counted and placed in separate jars.  The sorting of the plankton sample 
is repeated until no more eggs are found. 
Sub-samples of eggs are taken for staging and measuring (100-200 eggs per sample maximum).  The numbers of eggs 
at each stage are then raised to the total numbers of each species. 
Norway 
The plankton samples are kept in 4% formalin for a minimum of two hours before sorting at sea commences.  The 
samples are then rinsed with seawater and small amounts of plankton with lots of seawater are placed in a petri dish on 
a black background prior to sorting.  The seawater is changed frequently and if the sample is large it will be sub-
sampled.  The samples are sorted using a magnifying glass.  All fish eggs and larvae are removed from the plankton and 
kept in separated vials.  The sample is checked by repeating the sorting over a white background.  Once the sample (or 
sub-sample) is fully sorted the mackerel and horse mackerel eggs are identified.  All other species of eggs will be 
counted but not identified.  Between 100 and 200 mackerel eggs and the same number of horse mackerel eggs are 
selected at random and staged. The numbers of eggs at each stage are then raised to the total numbers of each species. 
All the eggs and larvae of mackerel and horse mackerel, are kept in separate tubes.  The larvae of other species are also 
kept in a separate tube, but not identified. 
Scotland 
1.  Plankton samples remain in 4% buffered formaldehyde for a minimum of four hours before sorting begins at sea. 
2.  The samples are then washed, and diluted with seawater. 
3.  Aliquots of the sample are placed in a sorting tray with a black base. 
4.  The sample is sorted with the use of a magnifier and all fish eggs are removed, counted and placed in a vial with 4% 
formalin. 
5.  The plankton sample is condensed (using a 250µm sieve) and placed back in 4% formalin.  It is left for at least 12 
hours before re-sorting (using the procedures 2-4 described above). 
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 6.  Once the second sort has been completed, a sub-sample of 200-400 fish eggs are identified and staged under a 
microscope.  The numbers of eggs at each stage are then raised to the total numbers of each species. 
Ireland 
1.  Plankton samples remain in 4% buffered formaldehyde for a minimum of one hour before sorting begins at sea. 
2.  The samples are then washed, and diluted with seawater. 
3.  The samples are then sorted under a microscope, where the eggs are removed, identified and separated into 
mackerel, horse mackerel and other eggs. 
4.  All eggs are counted and mackerel and horse mackerel eggs are staged. 
5.  The remaining sample is filtered and placed back into the sample jar with 4% formaldehyde. 
6.  The same sample is resorted after 36 hours to ensure that all the eggs are removed. 
Netherlands 
Eggs are only roughly sorted from the samples at sea when approaching the western end of a transect.  This is in order 
to determine the edge of the distribution before progressing on the next east/west transect.  All samples are returned to 
the laboratory where the eggs are sorted, identified and staged. 
If a sample contains many hundreds of eggs, the sample is sub-sampled using a Folsom splitter.  The eggs are sorted 
from the rest of the plankton using a large magnifying glass.  All mackerel and horse mackerel eggs are removed from 
the sample (or sub-sample).  Mackerel and horse mackerel eggs are staged to 5 and 4 development stages, respectively.  
A maximum of one hundred eggs of each species are staged from each sample and the rest apportioned between the 
stages. 
Portugal 
All samples are returned to the laboratory where all the eggs and larvae are sorted under a microscope.  All fish eggs are 
removed from the sample and are identified to species where possible.  Where it is not possible to determine the 
species, the egg diameters (and oil globules) are measured.  Mackerel, horse mackerel, sardine and anchovy eggs are 
staged. 
Spain (IEO) 
Eggs are initially sorted from the samples at sea to obtain some preliminary results of the most important commercial 
species.  All the samples are returned to the laboratory where they are always fully sorted (sub samples are never taken).  
Eggs and larvae of species of commercial interest are separated and identified to species using a binocular microscope.  
Both eggs and larvae are counted and placed in 4% buffered formaldehyde in separate tubes.  All the mackerel and 
horse mackerel eggs are staged (sub samples are never taken). 
Spain (AZTI) 
The plankton samples are returned to the laboratory where a full sort is always carried out for both fish eggs and larvae 
(no sub-sampling takes place).  The full sample is analysed in small portions which are placed in a divided petri dish, on 
a black background and a magnifying glass is used to help see the eggs.  The quality of sorting is checked on 10% of the 
samples. 
The eggs and larvae are separated, identified to species, using a binocular microscope, counted and placed in 4% 
buffered formaldehyde in labelled separate tubes. 
If hundreds of eggs are present, a random sub-sample is taken until a maximum of one hundred eggs of both mackerel 
and horse mackerel are staged.  The remaining eggs are apportioned between the stages. 
 77
 Recent amendment to AZTI's sorting procedure 
A new method for separating pelagic fish eggs from plankton samples will be used by AZTI. This method was 
developed by RIVO-DLO, Netherlands (A. Eltink, personal communication), and has been satisfactorily checked by 
AZTI. 
At sea, the plankton samples are placed onto a sieve and washed with sea water directly into a beaker.  A spray pump is 
used to 3/4's fill the beaker with pressurised water gently directed on the beaker’s wall to avoid plankton damages.  The 
pressure and the spray cause aeration of the sample.  The sample is left to stand for one minute during which air bubbles 
become trapped in the parts of the plankton that have projections (legs, antennas etc).  The aerated plankton ascends and 
all smooth structures including the fish eggs sink to the bottom.  The floating plankton and surface liquid are then 
siphoned from the top of the sample using a vacuum pump, leaving the fish eggs on the bottom of the beaker. This 
process, is repeated 3 times removing and counting the eggs each time. 
At the laboratory the entire samples are resorted using the standard AZTI protocol (described above) to ensure that no 
eggs are left. Once all the eggs are removed from the sample, they are identified, counted and staged in exactly the same 
way as described in the standard AZTI protocol. 
This method dramatically reduces the time required to sort a plankton sample with large numbers of eggs. 
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Procedure 
The analysis program can only search for egg and oil globule outlines in a defined region.  So the prerequisite for the 
location and correct measurement is the pre-sorting of the single eggs into a prepared dish with small cavities.  So far 
the plug-in could only be tested on a mosaic composed of images with single eggs as a model of a pre-sorted dish 
(Fig.1).  The reliability on the recognition of the egg and oil globule outlines is depending on the image quality.  The hit 
rate for a correct egg outline is app. 90 percent, and 50 percent for getting the correct oil globule outline.  Incorrectly 
recognised outlines can be adjusted manually.  Automatic species identification in the resulting database is presently 
under development. 
Results and future prospects 
The image analysis is based on the ImageJ package, which has been developed by Wayne Rasband at the American 
National Institute of Health as public domain software which can be downloaded from the web.  The program is widely 
used in medical sciences around the world.  As a Java-program it is compatible with all platforms and operating 
systems.  The program is free-ware and the source-code is available for free as well.  An extensive documentation and a 
lot of plug-ins are available for download at http://rsb.info.nih.gov/ij/.  At present the BFA-Fi’s Institute for Sea 
Fisheries in Hamburg is developing a plug-in for the identification of mackerel and horse mackerel eggs which can be 
separated by the different egg and oil globule diameters.  Our short term aim was to automatically detect and measure 
the egg and oil globule diameter to facilitate an identification of the species at a later stage. 
Material and methods 
This is a short description of a PC based image processing method presently being developed at the BFA-Fi to identify 
eggs from a mixed mackerel and horse mackerel egg sample.  It is work in progress and this presentation is intended as 
a starting point for further discussion, to collect opinions on the work done so far and to assess options for further 
development of the software. 
Bundesforschungsanstalt für Fischerei (BFA), Institut für Seefischerei, Palmaille 9, 22767 Hamburg, Germany. 
Jürgen Schlickeisen and Jens Ulleweit 
7.3 An image processing method for the identification of mackerel and horse mackerel eggs 
The results of MARINEGGS indicate that eggs preserved in 4% formaldehyde are suitable for genetic analyses and a 
routine protocol for genetic identification of preserved fish eggs is being developed.  A full explanation and analysis of 
results from the Marineggs project will be available in the final contract report, (Genetic identification of fish eggs by 
species-specific DNA markers for use in stock biomass assessments and detection of commercial fraud.(QLRT-
PL1999-01157)) which is due for publication in the Spring of 2004. 
MARINEGGS is an EU funded project with the main objective of improving estimates of spawning stock biomass 
(SSB) by plankton survey.  The aim is to develop a polymerase chain reaction (PCR) based method for the accurate 
identification of the early stages of the eggs of 13 commercially important marine fish species: Trachurus trachurus, T. 
mediterraneus, T. picturatus, Macrorhamphosus scolopax, Scomber scombrus, S. japonicus, Gadus morhua, 
Melanogrammus aeglefinus, Merlangius merlangus, Merluccius merluccius, Merluccius senegalensis, Lepidorhombus 
whiffiagonis and L. boscii.  These species have overlapping egg sizes, spawning areas and spawning periods.  Their 
eggs can therefore easily be confused when collected in plankton samples. 
7.2 Genetic identification of fish eggs by species specific DNA markers (Addressing TOR d) 
 
In future it will be possible to insert the egg stages into the result table and to export the whole table to Excel.  
1. Take a digital image of the sample of eggs in a standardised dish 
2. Open image file in ImageJ(Fig 1) 
3. Set scale for calibration 
4. Start Hough Transform (Fig 2) 
5. Check the outlines of eggs and oil globules (Fig 3) 
6. Correct the outlines where necessary 
7. Start measurements (Fig 4) 
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 For the time being this is work in progress and any comments and helpful suggestions are highly welcome.  After the 
final completion the program will be free for distribution to all workshop members. 
E-mails to juergen.schlickeisen@ish.bfa-fisch.de or 
  jens.ulleweit@ish.bfa-fisch.de  
 
Figure1: Opening the image file 
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Figure 2: Processing of the image during Hough Transformation 
 
Figure 3: Checking the egg and oil globulus outlines 
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Figure 4: Recording of the results 
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 8 APPENDICES 
8.1 A plankton sampling manual for use during the ICES tri-ennial mackerel and horse mackerel 
surveys 
S.P.Milligan 
Sampling strategy, gear and procedures 
The report of the mackerel, horse mackerel egg production workshop (WGMEGS, ICES, 1994, section 8) contains a 
manual for the conduct of egg surveys, targeted at the annual egg production method (AEPM).  Those instructions are 
repeated in ICES 1997 (Sections 6.4.1 to 6.4.8) and incorporate changes, additions or clarifications, which are 
underlined. 
This manual is designed to enhance those described above by providing a protocol on the collection and handling of 
plankton samples at sea and the processing of samples in the laboratory.  In addition, the 1998 WGMEGS samples were 
used to fully describe the distribution and abundance of all species of fish eggs and larvae occurring throughout the 
sampling area at that time.  The EU, in a project (97/017) designed to produce 'Ichthyoplankton-based indices of spring 
spawning commercial fish populations in Western European waters' (INDICES), provided funding for this analysis.  
This manual encompasses the full analysis completed for the INDICES project. 
Sampling areas and sampling effort 
The spatial and temporal distribution of sampling is designed to ensure an adequate coverage of both mackerel 
(Scomber scombrus L.) and horse mackerel (Trachurus trachurus L.) spawning.  Sampling effort is targeted at 
producing estimates of stage 1 egg production for both species. 
The north-east Atlantic shelf area is sub-divided (by the WGMEGS) into 'western' and 'southern' areas for the purposes 
of estimating spawning stock biomass (SSB) of mackerel and horse mackerel.  The 'southern' area is regarded as being 
from 36º N to 45º N.  It includes southern Biscay, the Cantabrian Sea and from the Portuguese coast to 11º W.  
Sampling usually begins in January in this area and continues until June in the Cantabrian Sea. 
The 'western' area is from 44º N to 58º N.  It includes Biscay, the Celtic Sea and the shelf edge to the northwest of 
Scotland.  Sampling is focussed along the shelf edge (200m contour) but also occurs from the French and Irish coasts 
out to 16º W.  Sampling in this area usually begins in March and continues into early July. 
Plankton samplers are deployed at the centre of half standard ICES rectangles which are 0.5º latitude by 0.5º longitude 
in the western area and to the west of Portugal.  To the north of Spain (Cantabrian Sea) and to the south of Portugal the 
sampling rectangles are 0.25º latitude by 1º longitude because of the proximity of the shelf edge to the coast. 
Sampling gear 
The standard samplers acceptable for use on these surveys are national variants of the Gulf VII or Bongo high-speed 
plankton samplers (Nash et al, 1998).  These samplers generally incorporate conductivity, temperature, and depth 
probes (CTD's), and either contain mechanical or electronic Flowmeters to enable the volume of water filtered on each 
deployment to be calculated.  These sensors either relay 'real time' environmental data back to a shipboard computer 
display or log the information ready for downloading once the station has been completed. 
Although a mesh size of 500µm aperture is adequate for sampling mackerel and horse mackerel eggs, a nylon mesh 
with an aperture between 250µm and 280µm is recommended for these surveys.  This allows the plankton samples to be 
more widely used for investigations on other species and taxa.  If serious clogging occurs then a change to a 500µm 
aperture mesh can be made (this change has only rarely been made on any of the surveys). 
The aperture on the Gulf VII type samplers should be 20cm diameter in order to ensure that an adequate volume of 
water is filtered.  This ensures that the eggs of other species are quantitatively sampled, in particular the eggs of hake 
(Merluccius merluccius L.), which may be present at lower densities than those of mackerel or horse mackerel. 
The aperture for the Bongo samplers should be either 40cm or 60cm diameter. 
 84
 Sampler deployment 
The Gulf VII sampler is deployed on a double oblique tow, at 4-5 knots, from the surface to within 3 metres of the 
bottom (or as near as bottom topography will allow) and return to the surface.  The Bongo samplers are towed at 2-3 
knots.  Maximum sampling depth is restricted to 200m in deeper water off the shelf edge.  In the presence of a 
thermocline greater than 2.5°C in 10m depth, sampling can be confined to a maximum depth of 20 m below the base of 
the thermocline. 
The requirement is for an even, ‘V’ shaped dive profile, filtering the same volume of water per unit of depth.  The aim 
is to shoot and haul at the same rate with the sampler spending 10 seconds in each 1 metre depth band. 
At shallow stations, multiple double-oblique dives may be necessary to enable a sufficient volume of water to be 
filtered.  A minimum sampler deployment time of 15 minutes is recommended. 
Target Species 
The WGMEGS tri-ennial sampling programme is targeted at mackerel and horse mackerel.  An egg production estimate 
is calculated for both species in both the western and southern areas.  In addition an egg production estimate for 
mackerel is calculated for the combined North East Atlantic area. 
In 1998, an EU funded project (97-017) known as INDICES used the plankton samples collected to describe the 
distribution and abundance of all fish eggs and larvae.  Seven commercially important target species (including 
mackerel and horse mackerel) were selected as suitable for further data analysis including geo-statistical techniques.  
These species (blue whiting, Micromesistius poutassou (Risso); hake, Merluccius merluccius (L.); megrim, 
Lepidorhombus whiffiagonis (Walbaum); sardine, Sardina pilchardus (Walbaum) and anchovy, Engraulis encrasicolus 
(L.) were all known to spawn in the same area and at the same time as mackerel and horse mackerel. 
Plankton sample handling and processing 
Sample fixation 
It is recommended that the standard plankton samples collected for the SSB estimate will be analysed onshore and 
should be treated carefully when being fixed at sea.  The procedure will be as follows:- 
a). Remove the end bag used on the station before washing down the net. 
b). Attach a clean end bag and gently wash down the net from both ends of the sampler, taking care to wash the lower 
surface of the net just in front of the end bucket. 
c). Always wash down from the nosecone end last. 
d). Make sure the net is clean, using more than one end bag if necessary. 
e). Make doubly sure that a clean end bag is left on the sampler ready for the next station. 
f). Wash the plankton from the end bags into a jar with the 4% formaldehyde solution in a wash bottle. 
g). Top up the jar with 4% formaldehyde, making sure that the volume of plankton does not exceed 50% of the volume 
of the jar. 
h). Any excess sample should be fixed separately in additional jars. 
i). Put labels containing station details in pencil into all jars. 
The standard fixative for use on these surveys will be a 4% solution of buffered (pH 7 - 8) formaldehyde in either 
distilled or fresh water.  (250g of sodium acetate trihydrate is dissolved in 10 litres of 30% formaldehyde to make a 
buffered stock solution.  The stock solution is then diluted to 4% using distilled water).  This solution is approximately 
iso-osmotic with seawater and will minimise damage and distortion of the eggs.  The sample should be directly fixed 
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 with the addition of the 4% formaldehyde solution and should not come into contact with formaldehyde strength in 
excess of 4%. 
Sample sorting 
Prior to sorting the plankton samples it is recommended that a small quantity of red, borax carmine, stain is added to the 
samples (Nichols, 1976).  A few drops of this stain in each sample jar will stain most of the zooplankton (including fish 
larvae) a pink/red colour, but fish eggs will remain virtually unaffected.  This technique makes sorting of the eggs much 
easier, and, done lightly, does not impair subsequent identification or staging.  The samples should be stained for at 
least a day before being analysed. 
Immediately before analysis it is recommended that the 4% formalin is drained from the sample and the sample washed 
gently with seawater.  The sample can then be placed in a sorting/observation fluid (Steedman, 1976) which also acts as 
a preservative.  The observation fluid stock solution is made with 50ml of propylene phenoxetol mixed with 450ml of 
propylene glycol (propane-1,2-diol).  Before use, 5ml of the stock solution is diluted with 95ml of distilled water to 
produce a sorting fluid which is non-toxic and pleasant to use (odourless). 
Whenever practicable the whole sample should be sorted in order to remove all the eggs of species, which may be 
present in low densities.  All sorted eggs should be kept in tubes, in, 4% buffered formaldehyde, inside the sample 
container for future reference and use.  Usually only the eggs of mackerel and horse mackerel need be identified to 
species and staged.  However, in 1998, all fish eggs and larvae were identified to species where possible (for the 
INDICES project).  The eggs of six of the seven target species were staged (Blue whiting eggs are not distinguishable 
from those of other species).  The standard lengths of larvae of all the target species were measured. 
Species identification 
The eggs and larvae of most of the species found in the area are well described by Russell, 1976.  This book is well 
known and used by all the participants of the ICES tri-ennial surveys. It is generally regarded as the definitive work on 
the subject in this area. 
Some difficulties do occur, particularly with the identification of fish eggs, which do not show great differences in their 
morphological features.  In some instances it is even difficult to recognise differences between mackerel and horse 
mackerel eggs when the segmentation of the yolk is not distinct in the latter. 
Some difficulties can occur with the identification of hake eggs, which are similar in size and appearance to several 
other species including mackerel, ling (Molva molva L.) and megrim.  The 'surface adhesion test' (SAT) described by 
Porebski (1975) and Coombs (1994) does help to separate hake eggs from those of other species.  However, some 
problems were experienced when using the SAT technique on fixed eggs during the INDICES project.  The results were 
not always consistent and re-analysis of some samples became necessary. 
Identification of fish larvae is not so much of a problem.  However, some problems do occur where species are closely 
related e.g. Sprat (Sprattus sprattus L.), sardine, and anchovy, where further detailed analysis such as myotome counts 
may be required. 
Positive identification is wholly reliant on the skills and experience of the analysts involved in processing the samples.  
Samples of mackerel and horse mackerel eggs are regularly passed between participants to help to standardise the 
identification criteria.  In the INDICES project some samples were processed by at least two laboratories and in general 
a good level of agreement was reached. 
Egg staging (ageing) 
Within WGMEGS the eggs of mackerel are classified into one of five morphological stages (I, II, III, IV and V) 
(Lockwood et al., 1981), following the development criteria described for plaice (Simpson, 1959).  For horse mackerel 
the description of stages is the same with the exception of stage V which does not exist.  Horse mackerel larvae hatch at 
the end of egg stage IV (Pipe and Walker, 1987).  In the INDICES project, hake and megrim eggs were staged using the 
same criteria as that for mackerel.  The eggs of pilchard and anchovy were both classified to eleven development stages 
using the descriptions provided by Ahlstrom (1943) and Moser and Ahlstrom (1985) respectively. 
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 To help with consistency of staging, samples of mackerel and horse mackerel eggs are routinely passed between all 
participants of WGMEGS.  Some discrepancies in the allocation of eggs to stages are always apparent and it is hoped 
that the situation can be improved by the setting up of regular ICES identification and staging workshops. 
For the estimation of daily egg production for both mackerel and horse mackerel, only the counts of stage I eggs are 
used.  This is recognised as a conservative estimate of the total eggs spawned because of mortality which occurs during 
development.  However, until there is consistency in the identification of the other stages, between all countries, the 
other stages cannot be used for the estimation of mortality rates and backtracking to total eggs spawned. 
Measurement of Larvae 
Within INDICES the standard lengths of larvae of the seven target species were measured.  The larvae were then 
assigned into one of three length classes according to the following morphological characteristics: 
1. Length at hatching to yolk sac absorption. 
2. Length at yolk sac absorption to post-larvae with recognisable features such as fins, characteristic 
pigmentation, spines etc. 
3. Late post-larvae with additional physical characteristics such as fin rays, enhanced pigmentation, urostyle 
development etc. 
This size categorisation was to overcome difficulties with different growth rates between species where the 
measurement of standard length might not reflect the overall pattern of larval growth. 
Sub - sampling 
Wherever practicable the whole plankton sample should be sorted.  However, where large numbers of eggs and larvae 
occur in plankton samples it becomes impractical to sort the total sample.  The recommended method for sub-sampling 
is by using a Folsom splitter.  In this way, samples can be sub-divided repeatedly to achieve the optimum sampling 
level.  It is recommended that 100 eggs of the target species (mackerel and horse mackerel) are present in the sub-
sample.  If more than 100 eggs of these species are sorted from the sample (or sub-sample) then only 100 need to be 
staged and the rest apportioned across the stages found in that particular sample.  If 100 eggs of the target species are 
NOT found in 25% or less of the sample then the whole sample will have to be sorted. 
In some samples the eggs of only one target species may be present in large numbers.  These eggs can be sub-sampled 
using the procedure above, whilst the eggs of the other species should be sorted from at least 25% of the sample. 
Where extremely large numbers of eggs of other (non-target) species occur or where the total plankton volume is large, 
it may be impractical and time consuming to sort through the whole sample for a few eggs of the target species.  In 
these cases it may be practical to only sort 25% of the sample. 
Fish larvae can be sub-sampled completely independently of the eggs if required.  It is recommended that a minimum of 
100 fish larvae of one species in a sub-sample would be required to provide a length/frequency distribution.  All fish 
larvae sorted from a sub-sample should be identified. 
Estimation of daily egg production 
To convert abundance of eggs into daily egg production, data on the rate of development is required.  For mackerel the 
relationship between egg development rate and temperature was described by Lockwood et al., (1977, 1981a).  This has 
been used as the basis for calculating daily production of stage I eggs on all the surveys from 1977.  For horse mackerel 
similar egg development data are given by Pipe and Walker (1987) and have also been used for the calculation of stage 
I egg production since 1977. 
The formula for calculating the age of stage I mackerel eggs from the sea temperature (T°C) is: 
 Loge time (hours) = -1.61 loge (T°C) + 7.76 
For calculating the age of stage I horse mackerel eggs the formula is: 
 Loge time (hours) = -1.608 loge (T°C) + 7.713. 
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 Temperature / depth profiles are obtained at each sampled position from the CTD's mounted on the plankton sampler 
bodies.  When available the temperature at 20m depth should be used for the calculation of egg stage duration.  If that is 
not available then the sub-surface temperature (ca. 3 m) should be used. 
To estimate the daily egg production of the target species in the INDICES project, the rate of egg development with 
regard to temperature would need to be determined experimentally.  This data is available for the development of hake 
eggs (Coombs and Mitchell, 1982), where the age of stage I hake eggs can be derived from the formula: 
 Loge time (hours) = Loge 1263.9 - 1.411 loge (T°C) 
The development rate of Bay of Biscay anchovy eggs with relation to temperature and egg stage is given by Motos 
(1994).  The model is given below: 
yi,t=15.45℮ (0.115 T - 0.147i) i 2.071 
where y is the age in hours, T is the incubation temperature and i is the development stage. 
The same data is available for eggs of the Iberian sardine population (Miranda et al., 1992):, 
yi,t=17.52℮ (-0.136 T - 0.173i) i 2.222 
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